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1.0  INTRODUCTION 

Because  an  aircraft  engine  compartment  contains  a  variety  of  combustible  fluids, 
air  and  numerous  ignition  sources,  fire  can  be  a  major  hazard.  The  variables 
affecting  the  threat  of  engine  compartment  fires  are  complex.  They  include  the 
type  of  fuel  and  its  temperature,  pressure,  and  method  of  introduction;  the 
direction,  velocity,  temperature  and  density  of  the  ventilation  airflov;  the 
temperature,  shape,  size  material  and  surface  conditions  of  hot  surfaces  vithin 
the  compartment;  and  the  nature  and  location  of  potential  electrical  arcs. 

1 . 1  Background 

The  current  approach  to  fire  protection  in  the  engine  compartments  of  Air  Force 
multi-engined  aircraft  is  the  use  of  a  Halon  1301  system  designed  to  comply  with 
MIL-F-87168  (USAF)  which  is  based  on  MIL-E-22285.  This  specification  defines 
the  quantity  of  agent  based  on  compartment  size,  roughness  and  ventilation 
airflow  rate  and  specifies  that  at  least  a  6-percent  concentration  (by  volume) 
must  exist  for  0.5-second  in  all  parts  of  the  compartment  following  agent 
release. 

The  chemical  reactions  involved  in  engine  compartment  fires  and  their 
interaction  with  extinguishants  are  complex  and  extremely  difficult  to  model 
analytically.  The  number  of  chemical  reactions  possible  is  very  large  and  the 
combustion  process  is  influenced  by  the  combustibles  involved,  the  temperature 
field,  local  airflow  velocities,  engine  compartment  materials  and  a  variety  of 
other  factors.  Combat  damage  can  further  complicate  the  situation  by  changing 
airflow  patterns  and  providing  additional  ignition  sources.  The  Aircraft  Engine 
Nacelle  Fire  Test  Simulator  (AENFTS  or  AEN)  was  designed  and  constructed  at 
Vright-Patterson  Air  Force  Base  to  allow  realistic  testing  of  these  complex 
variables. 

Earlier  testing  in  the  AENFTS  (Ref.  1)  conducted  under  contract  F33615-78-C-2063 
included  fire  and  extinguishant  concentration  tests  conducted  using  a  simulated 
portion  of  the  F-16  aircraft  engine  compartment.  Combat  damage  simulation 
included  outer  compartment  wall  penetration  allowing  either  inflow  or  outflow  of 
ventilation  airflow  through  an  external  wound  and  perforation  of  the  fan  case  or 
engine  bleed  air  line  damage.  "Standard"  fire  and  agent  concentration  test 
techniques  were  developed. 
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Ve  found  that  MIL-E-22285  vas  generally  adequate  in  terns  of  quantity  of 
extinguishing  agent.  Results  also  indicated  that  more  rapid  agent  release 
resulted  in  aore  effective  use  of  the  agent.  Salon  1301  perforned  better  than 
Halon  1202  in  these  tests,  contrary  to  vhat  the  available  literature  indicated. 
Fires  with  sinulated  conbat  damage  inflow  were  the  most  difficult  to  extinguish 
because  hot  surface  ignition  sources  were  created  soon  after  the  test  fire  vas 
ignited.  For  these,  the  quantity  of  agent  specified  would  have  been  adequate 
only  if  the  agent  reached  the  fire  within  a  few  seconds  after  ignition. 

1.2  Objective  and  Approach 

Tests  conducted  in  the  current  study  addressed  four  questions  vhich  arose  during 
the  analysis  of  the  data  acquired  during  earlier  AENFTS  testing: 

Would  the  extension  of  flight  conditions  into  high  altitude  and  high  Mach 
number  regimes  cause  engine  compartment  fires  to  be  more  difficult  to 
extinguish? 

Why  vas  the  performance  of  Halon  1202  inferior  to  that  of  Halon  1301? 

Would  the  storage  of  agent  at  lov  temperatures,  as  in  sustained  high 
altitude  flight,  have  influenced  performance? 

Would  changes  in  agent  discharge  dynamics  have  provided  different  results? 

Prior  to  testing,  damage  to  the  F-16  nacelle  simulator,  which  had  occurred 
during  the  previous  fire  tests,  vas  repaired  so  that  comparable  test  results 
might  be  obtained.  In  addition,  an  improved  Halon  fill  and  dump  system  vas 
developed  to  allow  more  precise  agent  measurement  and  better  control  over  agent 
fill  ratio  and  temperature. 

I 

I 

|  1.3  Summary  of  Test  Results 

I 

I 

During  earlier  AENFTS  tests,  ve  found  that  the  requirements  of  MIL-B-22285  were 
conservative  in  most  situations.  However,  during  the  current  program  a  number 
of  additional  situations  vere  identified  where  agent  quantities,  as  specified  by 
MIL-E-22285,  vere  inadequate.  These  generally  resulted  from  hot  surface 
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reignition  and  included  flight  conditions  vith  elevated  ventilation  air  pressure 
and  temperature.  In  the  majority  of  these  cases,  the  agent  appeared  to 
extinguish  the  fire,  but  reignition  occurred  usually  before  the  fuel  injection 
vas  terminated. 

Fire  and  agent  concentration  tests  revealed  that  Halon  1202  vas  less  effective 
than  Halon  1301  because  of  poor  distribution  characteristics  resulting  from  the 
low  vapor  pressure  of  Halon  1202.  This  vas  particularly  true  vhen  Halon  1202 
vas  discharged  into  lov  temperature  ventilation  air. 
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2.0  TEST  FACILITIES 


2.1  AENFTS  Facility 

The  AENFTS  is  a  ground  test  facility  designed  to  simulate  the  fire  hazards  vhich 
exist  in  the  annular  compartment  around  an  aircraft  engine.  The  AENFTS  is 
installed  in  I-Bay  of  Building  71-B,  Area  B,  Vright-Patterson  Air  Force  Base, 
Ohio.  This  facility  includes  air  delivery  and  conditioning  equipment  designed 
to  simulate  engine  compartment  ventilation  alrflov,  a  test  section  vithin  vhich 
fire  testing  can  safely  be  conducted,  and  an  exhaust  system  vhich  can  cool  the 
combustion  products  and  scrub  them  sufficiently  to  allov  their  release  into  the 
atmosphere.  In  addition,  it  includes  a  gas  fired  heating  system  to  provide 
simulated  engine  bleed  air  to  the  test  section  (Figure  1). 

The  test  section  of  the  AENFTS  (Figure  2)  is  a  tvo-radian  (114  degree)  segment 
of  the  annulus  betveen  a  15-inch-radius  duct,  vhich  simulates  an  engine  case, 
and  a  24- inch-radius  duct,  vhich  simulates  the  engine  compartment  outer  vail. 
The  test  section  is  approximately  14  feet  long  and  is  equipped  vith  access  ports 
and  vieving  windows  that  are  provided  for  access  to  test  equipment  and 
instrumentation  and  for  observation  of  the  test  activities  taking  place  vithin. 

As  shovn  in  Figure  1,  the  AENFTS  ventilation  airflov  conditioning  systems 
include  a  blover  that  provides  air  at  atmospheric  pressure  (to  simulate  lov 
speed  sea  level  flight  conditions),  a  high  pressure  compressor  and  air  storage 
bottle  farm  to  provide  ventilation  airflov  simulating  ram  pressure  in  lov 
altitude  supersonic  flight  conditions  and  an  air  driven  ejector  (to  evacuate  the 
test  section  to  simulate  high  altitude  flight  conditions).  The  shorter  curved 
test  section  vail,  vhich  simulates  the  case  of  a  turbojet  or  turbofan  engine, 
can  be  heated  vith  radiant  heaters. 

Simulation  of  the  hazards  associated  vith  hot  engine  bleed  ducts  and  the  leakage 
that  might  result  from  damage  to  bleed  ducts  or  the  engine  case  is  provided  by 
the  AENFTS  bleed  air  heating  system.  A  natural  gas  fired  heater,  mounted  on  the 
roof  over  the  AENFTS  test  cell,  heats  incoming  high-pressure  air  from  the  bottle 
farm  and  provides  automatic  control  over  flovrate  and  temperature.  Temperatures 
from  ambient  up  to  1500°F  can  be  simulated  at  flovrates  up  to  1-pound  per 
second.  An  insulated  flex  duct  delivers  this  heated  simulated  engine  bleed  to 
the  AENFTS  test  section. 


A 


DUCT  HEATERS 


✓ 

TEST  SECTION 


ATMOSPHERIC 

BLOWER 


QUENCH 


(ARROWS  INDICATE  AIRFLOW  DIRECTION) 


Figun  1.  Components  of  tho  AENFTS 


AIRFLOW  IN  THE  TEST  SECTION 
SIMULATES  NACELLE  VENTILATION 
PRESSURE.  TEMPERATURE  AND 


igure  .  2.  ABNFTS  Test  Section 


2.2  Instrumentation 


Basic  AENFTS  instrumentation  consisted  of  the  sensors  employed  to  measure  the 
various  flowrates,  the  test  section  temperatures  and  pressure  and  the  fuel 
reservoir  and  nozzle  pressures  (Figure  3).  Twenty- two  pressure  transducers  were 
used  to  acquire  AENFTS  pressure  data.  Their  calibration  was  periodically 
checked  using  a  dead  weight  tester.  Details  of  the  transducer  ranges, 
sensitivities  and  accuracies  are  included  in  Table  1.  Thermocouples  were 
employed  to  measure  air  temperatures  at  the  various  flowmeters  and  air  and 
surface  temperatures  in  the  AENFTS  test  section.  They  are  identified  by  type, 
location  and  parameter  name  in  Table  2. 

To  measure  the  agent  concentration,  six  stainless  steel  probes  were  installed  in 
the  test  section  connected  to  six  channels  of  Beckman  model  LB-2  Medical  Gas 
Analyzers.  As  shown  schematically  (Figure  4),  each  of  these  six  units  consisted 
of  a  pickup  head  and  a  console  containing  a  vacuum  pump.  These  units  were 
calibrated  to  directly  measure  halon  volumetric  concentration  in  the  AENFTS  test 
section. 

The  pickup  head  contained  a  dual  beam  NonDispersive  InfraRed  (NDIR)  analyser,  a 
sample  cell,  a  reference  cell,  a  mechanical  chopper  and  a  variable  capacitance 
pneumatic  detector.  A  gas  sample  drawn  through  the  sample  cell  and  the  detector 
responded  to  the  difference  between  an  InfraRed  (IR)  beam  projected  through  the 
sample  cell  and  a  similar  beam  projected  through  the  reference  cell.  The  IR 
absorption  of  the  gas  sample  determined  the  gas  concentration.  Signal 
conditioning  in  the  pickup  head  converted  the  detector  output  to  a  voltage 
signal  which  was  sent  to  the  console  unit. 

The  console  unit  contained  a  vacuum  pump  along  with  a  visible  flow  meter  and 
flow  adjustment  control.  It  also  contained  signal  conditioning  to  convert  the 
pickup  head  preamplifier  output  voltage  to  a  voltage  representative  of  the 
actual  Halon  concentration. 

System  response  time,  as  installed,  was  about  150  milliseconds.  Accuracy  was 
determined  through  repeated  calibrations  with  a  known  "calibration"  mixtures  of 
■alon  1301  or  Halon  1202,  as  required.  These  units  reliably  provided 
concentration  data  which  was  accurate  to  within  +0. 1-percent,  by  volume. 


Table  2.  Details  of  AENFTS  Temperature  Measurement 


th£rm6- 

COUPLE 

NUMBER 

M0DC0HP 

CHANNEL 

SOFTWARE 

SYMBOL 

DESCRIPTION  T 

TC-28 

1 

TENG1A 

Engine  side  skin  temp  zone  1 

TC-29 

2 

TENG1B 

Engine  side  skin  temp  zone  1 

TC-30 

3 

TENG2A 

Engine  side  skin  temp  zone  2 

TC-31 

4 

TENG2B 

Engine  side  skin  temp  zone  2 

TC-32 

5 

TENG3A 

Engine  side  skin  temp  zone  3 

TC-33 

6 

TENG3B 

Engine  side  skin  temp  zone  3 

TC-34 

7 

TENG4A 

Engine  side  skin  temp  zone  4 

TC-35 

8 

TENG4B 

Engine  side  skin  temp  zone  4 

TC-36 

9 

TENG5A 

Engine  side  skin  temp  zone  5 

TC-37 

10 

TENG5B 

Engine  side  skin  temp  zone  5 

TC-38 

11 

TENG6A 

Engine  side  skin  temp  zone  6 

TC-39 

12 

TENG6B 

Engine  side  skin  temp  zone  6 

TC-40 

13 

TAIR-1 

Nacelle  air  temp  zone  1 

TC-41 

14 

TAIR-2 

Nacelle  air  temp  zone  2 

TC-42 

15 

TAIR-3 

Nacelle  air  temp  2one  3 

TC-43 

16 

TA1R-4 

Nacelle  air  temp  zone  4 

TC-44 

17 

TAIR-5 

Nacelle  air  temp  zone  5 

TC-45 

18 

T AIR-6 

Nacelle  air  temp  zone  6 

TC-46 

19 

TNAC1A 

Nacelle  side  skin  temp  zone  1 

TC-47 

20 

TNAC1B 

Nacelle  side  skin  temp  zone  1 

TC-48 

21 

TNAC2A 

Nacelle  side  skin  temp  zone  2 

TC-49 

22 

TNAC2B 

Nacelle  side  skin  temp  zone  2 

TC-50 

23 

TNAC3A 

Nacelle  side  skin  temp  zone  3 

TC-51 

24 

TNAC3B 

Nacelle  side  skin  temp  zone  3 

TC-52 

105 

TF16-1 

Test  article  temp  *1 

TC-53 

106 

TF16-2 

Test  article  temp  t2 

TC-54 

107 

TF16-3 

Test  article  temp  #3 

TC-55 

108 

TF16-4 

Test  article  temp  14 

TC-56 

109 

TF16-5 

Test  article  temp  *5 

TC-57 

110 

TF16-6 

Test  article  temp  16 

TC-58 

111 

TF16-7 

Test  article  temp  #7 

TC-58 

31 

TOUTLG 

Nacelle  outlet  air  temp  (long) 

TC-59 

32 

TOUTSH 

Nacelle  outlet  air  temp  (short) 

TC-60 

33 

TNACIN 

Nacelle  inlet  air  temp 

TC-61 

34 

TBL-08 

Low  flov  venturi  temp 

TC-62 

35 

TBL-24 

Blower  outlet  temp 

TC-63 

35 

T-NIFL 

Hi  flo/Bi  press  temp 

TC-64 

37 

TSTKLO 

Lower  exhaust  stack  temp 

TC-65 

38 

TSTRUP 

Upper  exhaust  stack  temp 

TC-70 

39 

OATPAD 

Pad  outside  air  temp 

40 

OAT-RF 

Roof  outside  air  temp 

41 

TNACRM 

Nacelle  room  air  temp 

43 

T-NPAD 

North  pad  temp 

44 

RTDREF 

Reference  room  temp 

TC-72 

45 

TGLYCO 

Cold  glycol  temp 

TC-74 

47 

T — HYD 

Hyd.  reservoir  temp 

TC-75 

46 

T-FUEL 

Fuel  injection  reservoir  temp 

TC-91 

94 

TLOFLO 

Lo-flo/Hi- press  temp 

TYPE 


ACCURACY 


♦4  degrees  F. 


K 

T 

K 


R 

T 

J 

J 

J 

T 


♦4  degree*  fj 
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Figun  4.  Sefmrmtk  Diagram  of  Btcknwn  Hatoninr  Equipment 


A  dosed  circuit  TV  camera  with  a  zooa  lens  was  mounted  on  a  tilt  and  pan 
mechanism  on  the  top  of  the  fuel  cart.  During  fire  tests,  the  camera  vas  focused 
on  the  viewing  window  in  the  test  section  adjacent  to  the  test  fire  zone.  Its 
output  signal  was  observed  on  a  TV  monitor  on  the  AENFTS  control  panel  to  allow 
the  test  operator  to  observe  fire  tests,  assure  safe  conduct  of  the  test  and 
evaluate  the  effectiveness  of  the  extinguishant.  A  Video  Cassette  Recorder 
(VCR)  received  and  recorded  the  signal  from  the  TV  camera. 

2.3  Data  Acquisition  and  Reduction 

AENFTS  test  data  consisted  of  temperatures,  pressures  and  agent  concentrations 
vhich  were  measured  by  sensors  in  the  test  cell  and  sampled,  digitized, 
averaged,  and  calibrated  by  the  facility  computer  system,  a  16-bit,  general 
purpose,  digital  computer  manufactured  by  Modular  Computer  Systems  Inc. 
(HodComp)  of  Ft.  Lauderdale,  Florida.  These  data  included  flowrates  calculated 
by  the  computer,  the  test  run  and  condition  number  information  used  to  identify 
each  test  event,  and  the  manually  recorded  information  concerning  the 
effectiveness  of  the  various  extinguishants.  In  addition,  video  cassette 
records  were  made  of  the  fire  tests. 

Each  time  the  data  acquisition  switch  on  the  AENFTS  console  was  operated,  the 
HodComp  acquired  digital  millivolt  data  100  tines  during  a  3.2-second  period  for 
all  AENFTS  channels.  These  100-millivolt  values  were  first  averaged  and  then 
converted  to  engineering  unit  data  using  appropriate  pressure  and  thermocouple 
calibration  information.  This  information  was  immediately  used  to  update  the 
AENFTS  operating  console  terminals  as  well  as  being  sent  to  the  line  printer  and 
logged  onto  the  data  disk. 

When  Halon  concentration  data  were  acquired,  operation  of  the  Halon  dump  valve 
svitch  on  the  control  panel  caused  the  computer  to  acquire  a  2-second  record,  at 
approximately  100  samples  per  second,  for  each  of  the  six  analog  channels  of 
Halon  concentration  information  coming  from  the  Beckman  Halonisers.  These  data 
were  digitized  and  converted  to  concentrations  using  appropriate  calibrations 
for  Halon  1202  and  Halon  1301.  These  200  concentration  values  for  each  of  the 
six  channels  vere  then  stored  on  the  data  disk  for  off-line  use  as  well  as  being 
printed  on  the  line  printer.  Quick-look  analog  agent  concentration  data  were 
also  recorded  using  a  Honeywell  Visicorder. 
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Subsequent  to  the  completion  of  the  test  vork  documented  herein,  comparison  of 
agent  concentrations  obtained  vith  similar  quantities  of  Halon  1201  and  Halon 
1301  led  to  the  conclusion  that  the  agent  concentrations  measured  vith  Halon 
1202  were  often  too  high  and  that  the  duration  of  these  concentrations  vas 
probably  too  long.  Details  of  this  analysis  are  included  in  paragraph  5.5.1  and 
Appendix  E.  It  vas  deduced  that  liquid  droplets  of  Halon  1202  vere  accumulating 
in  the  sample  lines,  a  problem  not  experienced  vith  Halon  1301  because  of  its 
higher  vapor  pressure.  Even  vith  this  bias  tovard  indicating  higher 
concentrations  than  actually  existed,  most  of  the  test  results  obtained  vith 
Halon  1202  indicated  that  inadequate  concentrations  existed  at  some  locations  or 
that  adequate  concentrations  existed  in  some  locations  for  too  brief  a  time. 

Once  the  ModComp  computer  had  calculated  engineering  unit  data  for  the 
thermocouples  and  pressure  transducers  at  the  flovmeters  in  the  AEN,  these  data 
vere  used  to  calculate  airflovs  and  velocities  in  the  test  section.  The  actual 
data  reduction  equations  employed  are  included  in  Appendix  A.  The  airflov 
equations  for  the  venturiis  are  based  on  the  handbook  (Ref.  2)  and  those  for  the 
sonic  nozzles  are  based  on  data  from  their  manufacturer. 

The  most  important  information  acquired  during  all  of  the  fire  tests  vas  vhether 
or  not  the  selected  charge  of  Halon  agent  successfully  extinguished  the  test 
fire  vithout  reignition.  This  information  vas  obtained  by  observing  the  TV 
monitor  in  the  control  room  and  vas  hand  logged  on  the  test  log  sheets  along 
vith  identification  of  volume  of  agent,  the  dunp  tank  nitrogen  pressure, 
ventilation  flov  conditions  and  additional  observations  concerning  the  test. 
Identification  of  the  specific  test  video  record  and  the  video  cassette  used  vas 
also  recorded  on  the  test  log  sheets. 

2.4  Fire  Test  Concept 

For  the  AENFTS  fire  tests,  the  test  concept  employed  vas  to  model  "vorst  case" 
situations  in  aircraft  engine  compartments  by  igniting  JP-4  fuel  and  alloving  it 
to  burn  for  a  predetermined  period  before  releasing  a  measured  agent  charge  into 
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the  compartment.  Where  an  engine  compartment  extinguishing  system  is  available 
on  an  aircraft*  the  timing  is  determined  by  the  pilot: 

o  Combustible  fluid  present  due  to  leakage  (a  tank  punctured  or  a  line 
severed  by  combat  damage*  a  loose  fitting*  a  line  damaged  during 
maintenance*  etc.)  is  ignited  by  a  hot  surface*  an  electrical  arc, 
incendiary  explosion,  etc.)  and  a  fire  begins  to  burn  within  the 
engine  compartment. 

o  Fire  detectors  in  the  engine  compartment  alert  the  pilot  by 

illuminating  a  "fire"  light  on  the  aircraft  control  panel.  Response 
time  varies  from  fractions  of  a  second  for  optical  detection  equipment 
to  the  minutes  that  it  might  take  for  "fire  wire"  based  systems  to  be 
heated  by  a  small  fire  several  feet  from  the  sensor. 

o  With  current  fire  detection  system  reliability,  the  pilot  would 

probably  first  attempt  to  determine  whether  the  "fire"  light  was  due 
to  fire  or  was  a  false  alarm. 

o  Once  convinced  that  the  fire  was  real,  the  pilot  would  shut  off  the 

fuel  to  the  affected  engine  and  discharge  agent  into  the  affected 

engine  compartment. 

The  fuel  shut  off  provision  available  in  most  aircraft  does  not  preclude  the 
presence  of  combustible  fluids  in  the  engine  compartment  following  its  use. 
Hydraulic  fluids,  lubricating  oil  and  fuel  puddled  in  the  bottom  of  the 
compartment  and/or  the  residual  fuel  accumulated  beyond  the  shut  off  valve  could 
continue  to  support  combustion  for  an  extended  period. 

Hence  it  was  decided  to  allow  the  fires  to  burn  for  a  predetermined  period  prior 
to  agent  release  and  to  continue  to  inject  fuel  for  an  additional  5  seconds 
after  the  agent  was  released  into  the  compartment. 


2.5  Test  Procedure 

2.5.1  Fire  Tests 


During  AENFTS  fire  tests,  a  standardized  procedure  vas  followed  once  the  pretest 
procedures  and  checklist  had  been  completed: 

1.  Atmospheric  blover  airflow  and  temperature  were  adjusted  to  the 

desired  flow  conditions  at  the  control  console. 

2.  The  technician  entered  the  test  cell,  adjusted  the  agent  dump  tank 

volume,  filled  the  agent  sight  gauge  to  an  appropriate  level  and 

transferred  the  desired  amount  of  agent  into  the  agent  dump  tank.  He 
then  backcharged  the  remaining  volume  in  the  tank  to  600  psig  vith 
nitrogen  and  exited  from  the  test  cell. 

3.  If  the  high  pressure  air  system  was  to  be  employed  for  simulated 

altitude  tests,  high  pressure  tests,  or  combat  damage  inflow  tests, 
blower  flow  vas  terminated  at  this  time.  The  desired  high-pressure 
airflow  conditions  were  set. 

4.  Tabular  data  was  recorded,  the  VCR  vas  started  and  manual  notes  vere 
logged . 

5.  The  fuel  flow  and  igniter  vere  operated  simultaneously,  starting  the 
test  fire  and  the  TI  programmer  vhich  vas  employed  to  control  the 
preburn  period  before  the  agent  was  discharged  and  to  terminate  the 
fuel  flow  after  another  5-seconds  had  elapsed. 

6.  If  high  pressure  airflow  vas  in  use,  it  vas  terminated  at  this  time. 
Blover  airflow  was  set  to  at  least  6-lbs/sec  for  at  least  2-minutes  to 
cool  the  test  article. 

7.  The  procedure  was  repeated. 
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2.5.2  Agent  Concentration  Tests 

The  procedure  followed  for  agent  concentration  tests  consisted  of: 

1.  If  the  atmospheric  blover  vas  to  be  used,  its  airflov  and  temperature 
were  set  to  match  the  fire  test  conditions  being  duplicated. 

2.  The  test  technician  filled  the  agent  dump  tank  in  the  same  manner  as 
for  fire  tests.  Since  there  were  no  fires  in  this  phase  of  testing, 
the  technician  remained  in  the  AENFTS  room  during  testing. 

3.  If  the  high  pressure  air  system  vas  to  be  employed  the  desired  airflov 
conditions  were  set  at  this  time. 

4.  Tabular  data  were  recorded,  manual  notes  were  logged  and  the 
visicorder  vas  started. 

5.  The  agent  dump  switch  vas  operated  releasing  the  agent  and  starting 
the  acquisition  of  ModComp  agent  concentration  data. 

6.  If  high  pressure  airflov  vas  in  use  it  vas  terminated  at  this  time. 


7.  The  procedure  vas  repeated. 


3.0  P-16  NACELLE  SIMULATOR 


In  an  actual  aircraft  engine  compartment ,  the  ventilation  airflow  does  not  flow 
uniformly  as  in  the  clean  AENFTS  test  section.  Regions  of  reverse  flow  and  flow 
stagnation  have  been  seen  in  the  P-111  being  tested  by  the  Federal  Aviation 
Administration's  Technical  Center  (FAA/TC)  and  the  F-lll  engine  compartment  is 
cleaner  and  designed  for  higher  ventilation  airflow  rates  than  the  F-15  and  F-16 
engine  compartments.  To  simulate  a  more  realistic  environment,  having  the 
complex  of  tubes,  ribs,  clamps,  wires,  and  other  flow  disturbances  of  a  real 
aircraft  engine  compartment,  a  portion  of  the  F-16  nacelle  was  selected  for 
simulation  in  the  AENFTS  during  1984. 

The  forward  right  side  of  the  F-100  engine,  as  it  exists  in  the  portion  of  the 
F-16  engine  compartment  selected  for  simulation,  is  shown  in  Figure  5.  A  scrap 
early  prototype  F-100  engine  was  obtained  and  the  components  in  this  region  were 
removed  and  installed  on  a  S-foot-long  simulated  engine  side  stainless  steel 
base  plate  constructed  to  fit  the  engine  side  of  the  AENFTS  test  section  (Figure 
6).  Intrusion  into  this  region  of  the  F-16's  glove  tank  and  structural  ribs  was 
simulated  in  sheet  metal  (Figures  7,  8  and  9)  and  fitted  into  the  AENFTS  test 
section  over  the  engine  side  base  plate.  The  final  assembly  represents  one- 
third  of  the  engine  compartment  annulus  (Figure  10).  The  remaining  AENFTS  test 
section  length,  approximately  60  inches,  simulated  the  1  eaa  cluttered  annulus 
around  the  afterburner. 

Fused  quartz  viewing  windows  were  provided  in  the  15-inch-square  access  ports  on 
the  nacelle  side  of  the  AEN.  One  of  these  opened  onto  the  forward  "arch"  of  the 
F-16  bleed  duct  which  was  the  planned  fire  zone. 

In  the  F-16,  ventilation  air  enters  the  engine  compartment  through  a  scoop  inlet 
on  each  side  adjacent  to  the  fan  face  of  the  engine  and  in  some  operating 
conditions,  through  spring  loaded  fire  doors  near  the  base  of  the  engine 
compartment,  about  18-inches  aft  of  the  scoops.  These  were  simulated  with  an 
inlet  baffle  plate  at  the  fan  face  location  with  slotted  openings  approximating 
one- third  of  the  area  of  the  aircraft  nacelle  ventilation  inlets  and  fire  doors. 
A  baffle  plate  was  also  placed  at  the  exit  end  of  the  last  AENFTS  test  section 
to  simulate  the  flow  area  in  the  F-16  engine  compartment  as  the  ventilation  flow 
exits  around  the  afterburner. 
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Figure  5.  F-100  Engine  Showing  Accessories  for  F- 16  Simulator 
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Fifun9.  Ckmup  of  Fin  Zom  of  F-16  NactH*  Simuttor  Ftgun  10.  F-16  Nscdle  Simulator  Installed  in  AEN  Test  Section 


During  an  earlier  AENFTS  test  prograa  (Ref.  1),  a  pitot  probe  vas  eaployed  to 
establish  the  relationship  between  test  section  airflow  and  lateral  velocity  in 
the  vicinity  of  the  flane  holder  and  igniter  eaployed  in  this  test.  The  probe 
was  traversed  froa  the  outer  test  section  wall  where  the  viewing  window  is 
installed  to  the  surface  of  the  "engine-side"  of  the  P-16  nacelle  siaulator  at  a 
point  approximately  in  the  Biddle  of  the  window.  The  velocities  that  were 
aeasured  during  this  traverse  (Fig.  11)  varied  as  the  probe  passed  behind  the  F- 
16  bleed  duct  and  behind  the  rib  sinulating  the  P-16  engine  coapartaent  outer 
structure.  Virtually  no  velocity  vas  aeasure  behind  the  rib  and  velocities  as 
high  as  160  ft/second  were  observed  near  the  edge  of  the  bleed  duct. 
Substantial  vertical  coaponents  were  encountered,  particularly  behind  the  rib, 
that  could  not  be  aeasured  without  a  aore  sophisticated  probe. 

The  test  article  had  been  purposely  designed  to  provide  the  coaplex,  aulti- 
directional  airflow  patterns  of  the  engine  coapartaent.  In  analysing  the 
extingulshaent  of  the  test  fires,  no  single  velocity  aeasureaent  vas  found  which 
seeaed  appropriate  in  this  analysis.  The  fires  tended  to  extend  throughout  the 
siaulator  into  regions  with  high  velocity  as  well  as  those  with  virtual 
stagnation.  Hence  airflow,  rather  than  velocity,  vas  eaployed  as  the  aore 
aeaningful  engine  coapartaent  ventilation  variable. 

These  earlier  ABNFTS  tests  in  the  F-16  siaulator  included  fuel  flow  rates  froa 
0.13-  to  1-GPM  and  included  the  use  of  JP-6  fuel,  and  MIL-B-5606  and  HIL-H-83282 
hydraulic  fluids.  The  current  prograa  eaployed  only  JF-4  at  0.S2-GPH  because 
these  fires  had  consistently  required  the  aost  agent  for  extingulshaent  in 
previous  tests.  The  fuel  injection  nossle  vas  located  in  the  shelter  of  the 
siaulated  aircraft  rib  structure,  adjacent  to  the  leading  edge  of  the  sieving 
window.  A  "vee- channel"  flaaeholder  vas  installed  around  the  fuel  nossle. 

When  the  agent  evaluation  tests  were  begun  in  August  of  1985,  the  test  fires 
were  ignited  using  a  high-voltage  spark  between  electrodes  placed  near  the  fuel 
injection  nossle.  This  igniter  had  also  been  eaployed  during  the  Reference  1 
tests.  Agent  evaluation  testing  vas  interrupted  in  late  1985  so  that  the 
optical  fire  detection  prograa  reported  in  Reference  3  could  be  conducted.  The 
spark  gap  Igniter  vas  found  to  interfere  with  the  operation  of  several  of  the 
optical  fire  detection  systems  being  tested.  The  reaedy  vas  a  remote  igniter 
consisting  of  a  0. 75-inch  diameter  tube,  perpendicular  to  and  below  the  aain 
viewing  window,  within  which  a  propane-air  mixture  could  be  ignited  by  an 
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automotive  spark  plug.  The  burning  propane  was  pulsed  into  the  AENFTS  test 
section  for  a  fraction  of  a  second,  once  JF-4  injection  was  initiated.  Because 
no  affect  on  the  extinguishaent  process  vas  anticipated,  agent  evaluation  tests 
were  continued  in  early  1986  using  the  propane  igniter. 

Aircraft  engine  coapartaent  extinguishing  agent  tanks  are  generally  sised  to 
contain  a  charge  of  agent  at  least  equal  to  that  specified  by  MIL-E-22285t 

V  -  3  (0.02  V  +  0.25  Va)  For  rough  nacelles  vlth  high  airflow 

or 

V  ■  0.05  V  Whichever  is  greater  for  saooth 

V  *  0.02  V  ♦  0.25  Va  nacellea  with  any  airflow,  or 

rough  nacelles  with  low  airflow 
(Va  <  1-lb/sec) 

Where, 

V  -  weight  of  Halon  1301  (pounds) 

Va  »  nacelle  airflow  (lbs/sec) 

V  «  coapartaent  voluae  (ft3) 

The  coapartaent  voluae  for  the  AEHFTS  with  the  F-16  nacelle  slaulator  was 
21.2-ft3  (Ref.  1). 

Since  varying  the  agent  charge  sise  to  find  how  auch  agent  vas  actually  required 
for  knockdown  of  the  fires  was  eaployed  as  a  aesns  of  defining  the  severity  of 
the  test  fires,  a  variable  voluae  agent  tank  vas  developed.  It  eaployed  a 
piston  operated  by  a  jack  screw  to  vary  the  tank  sise  and  an  high-speed  air- 
operated  ball  valve  to  siaulate  the  dynaaics  of  the  squib  firing  in  a  no  real 
tank.  The  tank  voluae  vas  adjusted  to  twice  that  of  the  planned  agent  charge. 
The  agent  vas  aeasured  in  a  sight  gage  prior  to  being  eoved  into  the  tank.  The 
tank  vas  then  backcharged  with  nitrogen  to  600-psig.  The  tank  and  the  sipht- 
gage  eaployed  in  this  prograa  are  shown  in  Figure  12. 


4.0  TEST  IBSULTS 

4.1  Baseline  JP-4  Fire  Tests 

Initially,  baseline  fire  tests  vere  undertaken  using  Halon  1301  on  the  0.S2  GPH 
JP-4  fires  vhich  had  been  used  as  the  baseline  in  the  earlier  (Ref.  1)  testing 
under  contract  F33615-78-C-2063.  As  before,  a  preburn  period  of  20-seconds  vas 
allowed  before  the  agent  was  released  and  the  fuel  injection  was  continued  for 
5-seconds  after  the  agent  was  released.  As  the  test  article  had  been  completely 
refurbished  following  the  Ref.  1  tests,  it  was  anticipated  that  there  would  be 
some  ainor  differences  in  local  airflow  patterns  and  that  the  amount  of  agent 
required  to  extinguish  these  fires  night  have  changed. 

However,  major  changes  vere  observed  (Figure  13).  Where  the  test  fires 
throughout  the  entire  airflow  range  of  1-  to  6-lbs/sec  had  required  0.16-pound 
of  agent  (or  less)  during  the  earlier  tests,  at  airflows  between  1.5-  and 
3.5-lbs/sec  the  fires  could  not  be  extinguished  with  the  2.47-pound  maximum 
changes  available  with  the  new  variable  volume  dump  tank.  These  maximum  charges 
vere  tvice  the  agent  quantity  specified  by  MIL-8-22285  for  this  nacelle  (rough 
nacelle  with  low  airflow). 

All  of  these  fires  appeared  to  be  knocked  down  briefly  but  vere  nearly  always 
reignited  before  the  fuel  injection  vas  terminated.  A  second  video  camera  vas 
installed  below  the  test  section  directed  at  a  viewing  window  installed  at  the 
bottom  of  the  AENFTS  test  section,  just  aft  of  the  end  of  the  F-16  simulator. 
The  reignition  phenomenon  vas  studied  and  it  vas  discovered  that  the  reignition 
took  place  in  the  vicinity  of  a  thermocouple  lead  vhich  was  "vhite  hot"  at  the 
time  that  the  agent  vas  released. 

When  the  0.52  GPH  JP-4  test  fires  vere  repeated  using  preburn  periods  of 
15-seconds,  we  found  that  0.085-pound  of  agent  vas  sufficient  for  knockdovn  at 
all  airflows,  consistent  vith  the  earlier  (20-second  pre-burn)  results  (Figure 
13). 

4.2  Altitude  and  Ran  Air  Flow  Simulations 

The  pumping  capacity  of  the  AEMFTS  ejector  system  (Figure  14)  vas  reduced  when 
0.52  GPH  JP-4  test  fires  vere  ignited.  Renee,  the  simulated  altitude  tests  vere 
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TUT  SECTION  AIRFLOW 
(LBS/SEC) 

[j>  SMOOTH  NACELLE  WITH  ANY  AIRFLOW  OR  ROUGH 
NACELLE  WITH  LOW  AIRFLOW 

[£>  ROUGH  NACELLE  WITH  HIGH  AIRFLOW 


Ffgurt  is.  Quantity  of  Hahn  1301  Raqufrad  for  Knockdown 
of  0.52  GPM  JF—4  Firm 
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3.5  LBS/SEC  EJECTOR  AIRFLOW 
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TEST  SECTION  PRESSURE  (PSIA) 
Figure  14.  Pumping  Capacity  of  ABN  Ejector  System 


Halted  to  very  low  airflows*  1-lb/sec  and  less.  No  coabinations  of  airflow  and 
reduced  test  section  pressure  were  found  which  required  more  than  0.18-pound  of 
Halon  1301,  one-fifth  of  the  agent  quantity  specified  by  HIL-B-22285  at  these 
airflows  (Figure  15).  The  hot  surface  reignition  phenomena  were  not  experienced 
during  these  tests. 

When  elevated  test  section  pressures  were  investigated,  the  hot  surface 
reignition  phenomena  became  more  pronounced  than  with  the  ambient  pressure 
tests.  Even  with  the  preburn  period  reduced  to  15-seconds,  a  region  where  the 
aaxiaua  agent  charges  were  insufficient  was  again  experienced.  The  preburn 
period  was  reduced  to  12-seconds  and  again  a  minimal  charge  of  0.18-pound  of 
agent  was  sufficient  to  extinguish  all  the  test  fires. 

Three  three-dimensional  plots  (Figure  16)  show  the  amount  of  agent  required  as 
airflow  and  test  section  pressure  were  varied  with  preburn  periods  of  20-,  15- 
and  12-seconds.  They  illustrate  the  large  region  where:  The  fires  could  not  be 
extinguished  with  the  maximum  charges  available  with  20  seconds  of  preburn;  the 
reduction  in  the  size  of  that  region  with  15  seconds  of  preburn;  and  its 
elimination  with  12  seconds  of  preburn. 

4.3  Combat  Damage  Simulation  Tests 

Additional  airflow  introduction  due  to  combat  damage  was  simulated  using  the 
AEN's  bleed  air  system.  This  flow  was  introduced  into  the  test  section  at  the 
point  where  the  F-16  bleed  air  duct  would  normally  be  damped  to  the  augmentor 
fuel  pump.  These  tests  included  ambient  inflow  simulating  inflow  through  a 
damaged  skin  panel,  inflow  heated  to  424°F  simulating  fan  case  perforation  and 
inflow  heated  to  1200°F  simulating  leakage  from  a  damaged  bleed  air  duct.  These 
tests  were  all  run  with  JP-4  at  0.52  GPM  and  with  a  15-second  preburn  period. 
The  results  are  difficult  to  present  in  terms  of  quantity  of  agent  required  for 
extinguishment  as  many  of  the  test  fires  could  not  be  extinguished  with  the 
maximum  agent  quantities  available.  Hence  the  results  are  tabulated  in  Table  3. 

With  the  ambient  temperature  inflow  at  both  0.5-  and  1.0-lbs/sec,  the  fires  were 
no  more  difficult  to  extinguish  than  the  baseline  fires,  and  0. 085-pound  of 
agent  was  sufficient  in  all  cases.  In  most  tests,  the  JP-4  fire  could  not  be 
ignited  with  the  additional  airflow  discharged  so  close  to  the  fuel  noszle. 
Therefore  the  bleed  air  system  was  not  started  until  the  fire  was  ignited. 
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EFFECT  OF  PREBURN  DURATION 

.52  GPM  JP-4  FIRES  NACELLE  SIMULATOR  MIL-E22285  "SPEC"  CHARGE 

50%  HALON  FILL  RATIO  &  600  PSIG  BACK  CHARGE  F0R  R0UGH  NACELLE  WITH 

LOW  AIRFLOW  OR  SMOOTH 
NACELLE  WITH  ANY  AIRFLOW 


TABLE  3.  SUMMARY  OP  RESULTS;  COMBAT  DAMAGE  INFLOW  FIRE  TESTS 


I 


II 


With  424°F  inflow  at  0.5-lb/second,  s inula ting  fan  casa  par fora t ion,  naxinun 
(2.47-pounds)  Halon  1301  chargas  vara  inadequate  at  1-  and  4-lbs/aac  tast 
sac t ion  airflow.  The  firas  appaarad  to  be  knocked  down  but  reignited  within  1 
to  2-seconds  of  the  agent  release,  while  the  fuel  was  still  being  injected  into 
the  test  section.  With  the  test  section  airflow  at  6.5-lbs/sec,  0.36-pound  of 
agent  was  required  with  0.5-lb/ sec  of  424°F  inflow,  twice  what  had  been  required 
without  the  inflow  but  still  nuch  less  than  the  2-pounds  that  HIL-B-22285 
specifies  at  this  airflov. 

When  the  424°F  inflow  was  increased  to  1.0-lb/ sec,  the  test  fires  at  1-  and 
4-lb/sec  were  extinguished  with  the  0.065-pound  agent  charges  that  were  required 
without  the  inflov.  At  6.5-lb/sec  test  section  airflov,  the  1-lb/sec  inflow 
extinguished  the  test  fire  without  agent. 

Vith  1200°F  inflov  at  0.5-lb/ sec  (sinulating  a  leaking  bleed  air  duct) 
2.47-pounds  of  Halon  1301  were  inadequate  to  extinguish  the  test  fires  et 
1-lb/sec  test  section  airflov  but  0.36-pound  was  sufficient  at  4-  and 
6.5-lb/sec.  When  the  inflov  was  increased  to  1-lb/sec,  2. 47-pounds  of  agent 
vere  adequate  at  1-lb/sec  test  section  airflov,  whereas  the  baseline  0. 065-pound 
charge  was  adequate  at  6.5-lb/sec. 

4.4  High  Tenperature  Ventilation  Air  Tests 

Advanced  aircraft  nay  have  engine  coapartnent  ventilating  air  teaperatures 
higher  than  in  present  practice  because  of  raa  air  heating  in  high-Mech  nuaber 
operation  and  greater  heat  transfer  froa  the  engine  cases  of  turbojet  and  low- 
bypass  turbofan  engines.  To  siaulate  this,  fire  tests  vere  undertaken  in  the  F- 
16  nacelle  siaulator  vith  ventilating  air  heated  to  the  aaxiaua  available  with 
the  AHI's  duct  heaters  of  500°F. 

The  results  of  these  tests  are  illustrated  in  Figure  17.  When  the  preburn 
period  was  United  to  12-seconds,  the  saae  0.065-pound  agent  charge  was  adequate 
to  extinguish  the  0.52  GPU  JP-4  fires  at  1-  and  5.5-lb/sec.  At  4-lb/sec, 
0.36-pound  of  agent  was  required,  still  less  than  one-third  of  that  specified  by 
MIL-E-22285. 
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Shea  tht  preburn  period  wee  inereeeed  to  20- seconds,  the  aaxinun  • vs liable 
2. 47- pound  charge  of  Belon  1301  wee  just  adequate  to  extinguish  the  fires  at 
l-lb/sec,  while  at  higher  airflows  it  was  Inadequate.  Vith  100°F  airflow, 
0. 065-pound  of  agent  had  been  adequate  at  l-lb/sec  though  at  higher  airflows  the 
aaxiuua  2.47-pound  charge  had  also  been  inadequate. 

4.5  Agent  Distribution  Dynaaies  Tests 

4.S.1  Low  Tenperature  Agent  Tests 

Agent  concentration  tests  were  run  vith  both  Salon  1301  and  Salon  1202  to 
Investigate  the  effect  of  low  teaperatures  on  agent  perforuance.  These  Included 
refrigerating  the  agent  in  the  duup  tank  prior  to  agent  release  end  using  the 
ABM's  glycol  heat  exchanger  loop  to  refrigerate  the  test  section  airflow.  The 
agent  was  refrigerated  to  about  -65°F  to  sinulate  a  cold  soak  during  an  extended 
high  altitude  alssion.  Because  of  the  lialtations  of  the  glycol  refrigeration 
systen,  the  air  tenperature  could  only  be  reduced  to  -20°F. 

These  tests  were  run  at  test  section  airflows  of  1,  3.5  and  6.5-lbs/sec.  The 
quantity  of  Salon  1301  chosen  for  these  tests  was  0.36-pounds  (5.7  cubic 
inches),  the  aaxiuua  aaount  which  had  been  required  to  extinguish  the  12-second 
preburn  JP-4  fire  tests.  The  sane  5.7-ln^  volune  was  used  vith  Salon  1202  (that 
aaount  weighing  0.4 -pound). 

Besults  of  these  tests  are  shown  for  Salon  1301  (Figure  18)  and  for  Salon  1202 
(Figure  19).  Befrigerating  the  agent  dlninlshed  the  aoesured  concentrations 
slightly  for  both  agents.  Befrigerating  both  the  agent  and  the  test  section 
airflow  had  little  additional  effect  on  the  Salon  1301  concentrations  but 
greatly  reduced  the  Salon  1202  concentrations. 

As  noted  in  paragraphs  2.3  and  5.5.1,  there  is  doubt  about  the  validity  of  the 
Salon  1202  agent  concentration  data  because  of  evidence  that  droplets  were 
accuaulating  in  the  saaple  lines.  This  does  not  decrease  confidence  in  the 
above  conclusion  that  Balon  1202  does  not  vaporise  as  well  as  Salon  1301  when 
discharged  into  cold  ventilating  air  as  the  actual  concentrations  would  have 
been  even  lover  than  indicated  when  droplets  were  present. 
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Lins  iMtrlctiea  Tests 


A  series  of  tests  wss  undertaken  to  investigate  whether  the  agent  night  be  aore 
effectively  used  if  it  vas  released  aore  slowly.  In  particular  it  was  thought 
that  the  reignition  phenoaena  observed  earlier  vas  unaffected  by  the  rapid  agent 
pulses  being  enployed  and  night  be  elininated  with  longer  duration  pulses  even 
though  these  would  have  a  lover  agent  concentration. 

The  duap  line  leading  froa  the  AENFTS  variable  voluae  duap  tank  vas  restricted 
with  interchangeable  orifices  of  various  sites.  Haloniser  tests  were  run  in  the 
F-16  simulator  at  various  airflov  rates  with  these  restrictions,  eaploying 
various  site  agent  charges.  The  Balon  concentration  naasured  by  Haloniser  probe 
nuaber  A  (Figure  20)  during  the  2-seconds  following  release  of  the  agent  with 
unrestricted  flow  and  vith  two  orifice  sites,  with  three  agent  charge  sites  and 
vith  the  three  different  test  section  airflows.  This  particular  probe  was 
selected  as  it  vas  closest  to  the  aost  intense  part  of  the  test  fires,  about 
eight  inches  aft  of  the  fuel  injection  nossle. 

Following  these  tests,  JP-4  fire  tests  were  run  using  the  baseline  0.52  GFN  JP-4 
fires  with  the  saae  agent  flow  restrictions  at  the  saaa  test  section  airflows  of 
1-,  4-  and  6.8-lb/sec.  The  results  of  these  tests  are  shown  in  Figure  21.  In  no 
case  vas  less  agent  required  using  the  orifice  to  restrict  the  flow  than  vith 
the  unrestricted  baseline.  In  fact,  the  use  of  restrictions  seaaed  generally 
to  increase  the  aaount  of  agent  required. 

4.5.3  F-lll  Teats  at  Atlantic  City 

In  July  of  1986  and  again  in  January  and  February  of  1987,  the  AIHFTS  test  crew 
took  the  Beckman  Haloniser  equipment  to  the  FAA/TC  at  Atlantic  City,  Hew  Jersey, 
to  assist  in  the  conduct  of  an  agent  concentration  test  prograa  conducted  using 
the  FAA's  F-lll  test  article.  Vhile  the  FAA  is  responsible  for  overall 
documentation  of  that  effort,  ainiaal  documentation  of  the  Boeing/Air  Force 
contribution  was  prepared  and  is  included  as  Appendices  8  and  C  of  this  report. 

The  F-lll  has  a  high  ventilation  airflov  engine  coapertaent  and  is  equipped  with 
a  Balon  1202  extinguishing  system  that  vas  originally  demonstrated  at  General 
Dynamics  in  1969.  Vhile  MIL- 1-22285  does  not  apply  directly  to  the  use  of  Helen 
1202  (similar  guidelines  developed  for  that  agent  are  contained  in  Ref.  4). 
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These  also  require  that  a  6-percent  concentration  be  maintained  for  a  minimum  of 
one-half  second  simultaneously  at  all  measurement  locations.  The  July  1986 
testing  was  intended  to  establish  whether  or  not  the  addition  of  an  oil  cooler 
for  the  Integrated  Drive  Generator  (IDG)  vould  adversely  effect  the  agent 
distribution  in  the  EF-lllA's  engine  compartment. 

The  FAA's  F-lll  test  article  (Figure  22)  is  an  aircraft  fuselage  with  an 
operable  TF-30  engine  in  its  right  side  engine  bay.  Engine  compartment 
ventilation  airflow  is  supplied  from  the  fan  airflov  of  a  remotely  located  TF-33 
engine  and  is  ducted  into  the  engine  compartment  ventilation  inlet.  The  F-lll 
engine  compartment  is  currently  equipped  with  an  extinguishing  system  consisting 
of  a  single  390-cubic-inch  container  holding  12. 65-pounds  of  Halon  1202. 

The  agent  concentration  time  histories  obtained  for  the  ground  operation  case 
(vhere  the  compartment  airflov  vas  minimal)  agreed  well  with  the  1969  data  as 
contained  in  Ref.  4  (Figure  23).  More  than  the  6-percent  concentration  of  agent 
for  the  required  half-second  at  all  measurement  locations  vas  demonstrated  in 
both  tests.  However,  at  all  other  flight  conditions  investigated,  there  vas 
inadequate  agent  concentration  and/or  duration  to  comply  with  the  specification. 
The  presence  or  absence  of  the  IDG  oil  cooler  had  little  effect  on  the  agent 
distribution,  but  the  compartment  airflov  did.  The  data  acquired  at  four 
simulated  flight  conditions  vith  airflows  ranging  from  5.98-  to  30-lb/sec  are 
shovn  in  Figure  24.  Again  vith  these  test  results,  the  probable  presence  of 
liquid  droplets  in  the  sample  lines  nay  mean  that  actual  concentrations  of  Halon 
1202  were  even  lover  than  indicated. 

The  second  test  period,  early  in  1987,  vas  intended  to  be  a  preliminary 
investigation  of  hov  the  problem  identified  in  the  1986  tests  might  be  resolved. 
Failure  of  the  F-lll 's  TF-30  engine  required  that  this  testing  be  conducted 
vithout  an  operating  aircraft  engine  but  compartment  ventilation  airflov  vas 
provided  as  in  the  July  testing.  This  change  vas  of  secondary  importance,  since 
proper  ventilation  airflov  vas  the  primary  concern. 

Initially  Halon  1301  vas  substituted  for  Halon  1202  in  the  original  F-lll 
bottles  and  the  superior  vaporization  characteristics  of  Halon  1301  did  improve 
the  situation  (Figure  25).  Use  of  larger  agent  charges  in  larger  storage 
bottles  vas  also  tried,  and  it  vas  found  that  an  18-pound  charge  of  Halon  1301 
vould  provide  compliance  vith  HIL-E-22285  at  all  airflovs  tested  other  than  the 
30-lb/sec  anticipated  at  Mach  1.2  sea  level  dash  (Figure  26). 
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Figure  22.  FAA/TC's  F-111  Test  Setup  et  Atlantic  City 


GRD.  OPS  W/EJ;  1986  FAA  TEST 


GRD.  OPS  W/E*J;  1 969  GEN'L  DYNAMICS  TEST 


0  1  2  3  4  9  6  7 

TIMS,  SEC 

Figure  23.  Compariaon  of  Central  Dynamic*  and  FAA/TC 
Agent  Concentration  Data 
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82%  CRUISE;  5.98  LBS/SECOND  78%  HOLDING;  9.67  LBS/SECOND 


(3WmOA  AS)  ZOZl  NOTVH  X 


(3«mOA  AS)  ZOZl  NOTVH  X 


Figure  24.  Hsfon  1202  Concentration  at  Four  F-111  Flight  Conditions 
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JANUARY  '87  TEST  WITH  HALON  1301 


11  LBS  HALON  1X1  IN  F— 111  BOTTLE 


2  4  •  6 

THE  (SECONDS) 


THE 

Ffgun  23.  Comporhon  of  Hdon  1301  and  1202  in  F-111  Botth 
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HALON  1301  TEST  IN  F—  1 1 1  AT  FAA/TC 


(%)  OSS  Z/\  dOJ  N0LLVH1N30N00  1N30V  NIW 


ENGINE  COMPARTMENT  AIRFLOW  (LBS/SEC) 

Quantity  of  Baton  1301  Required  to  Provide  Compliance  with  Bil-B-22285  in  F-1 1 1 


4.6  Airflow  Reduction  Tests 


It  had  been  theorised  that  airflow  reduction  eight  be  employed  to  handle  engine 
coapartaent  fires  which  could  not  otherwise  be  extinguished.  In  an  aircraft, 
this  would  involve  equipping  the  engine  coapartaent  ventilation  systea  with  an 
inlet  door  (or  doors)  which  could  be  closed  prior  to  agent  release. 

To  check  the  effectiveness  of  this  concept  a  series  of  AEHFTS  fire  tests  was  run 
with  0.52  GPM  JP-4  fires  and  3-lb/sec  of  ventilation  airflow  heated  to  400°F. 
The  baseline  tests  were  run  with  the  specified  ventilation  airflow  held  constant 
during  ignition,  the  20-second  preburn  period,  ami  during  5-seconds  of  continued 
fuel  injection  following  the  release  of  the  agent.  The  airflow  reduction  tests 
were  also  run  with  0.52  GPM  JP-4  fires  and  3-lb/sec  of  ventilation  airflow 
heated  to  400°F  for  the  first  19-seconds  of  the  20-second  preburn  period.  They 
differed  in  that  the  airflow  was  terminated  during  the  last  second  of  the 
preburn  period,  just  prior  to  the  release  of  the  agent,  using  the  high-flow/low- 
flow  switch. 

During  the  baseline  tests  these  fires  could  not  be  extinguished,  even  with  a 
aaxiaua  2.47-pound  charge  of  Melon  1301,  coaparable  to  that  specified  by  NXL-S- 
22285  for  3-lb/sec  airflow.  When  the  airflow  was  reduced  to  sero  just  prior  to 
agent  release,  the  fires  initially  appeared  to  be  extinguished.  However,  they 
did  reignite  about  7-seconds  after  they  appeared  to  be  extinguished  and  just 
after  the  fuel  injection  vaa  terminated.  The  test  was  repeated  with  an 
additional  video  camera  installed  in  several  different  positions  below  the  rig. 
Proa  the  video  tapes  we  concluded  that  the  fires  probably  had  been  completely 
extinguished  by  the  agent  and  were  again  reignited  by  a  hot  component  of  the  F- 
16  simulator. 
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5.0  iMBlTHTS  Of  KSS8LTS 


5.1  Iu«11m  JP-4  Fire  Tests 

During  the  1983  snd  1984  tests  (Kef.  1)(  nearly  ell  test  fires  were  extinguished 
with  sgent  charges  saaller  than  required  by  HIL-E-22285.  The  only  exception 
were  fires  where  a  jet  of  air  siaulating  a  leaking  bleed  duct  had  been 
introduced. 

Between  the  conpletion  of  that  work  and  the  start  of  the  test  work  documented 
herein,  the  P-16  simulator  was  removed  from  the  AEMPTS  and  components  severely 
damaged  by  the  earlier  fire  tests  were  repaired  or  replaced.  This  Included 
replacement  of  damaged  thermocouple  vires  and  fabrication  of  a  new  aircraft 
structure  section.  While  some  change  in  the  amount  of  agent  required  to 
extinguish  the  baseline  fires  of  the  current  program  was  anticipated  the  fact 
that  many  of  the  baseline  fires  could  not  be  extinguished  by  "spec.  Salon 
charges”  was  a  surprise.  The  changes  in  baseline  performance  were  analysed 
using  an  additional  video  camera  and  it  was  concluded  that  they  were  probably 
caused  by  hot  surface  ignition,  probably  by  a  hot  section  of  thermocouple  wire. 

While  the  flow  rate  and  pressure  of  the  fuel  being  injected  into  the  ABHFTS  test 
section  were  monitored,  the  quantity  of  air  consumed  in  its  combustion  could  not 
be  measured.  The  test  fires  employed  a  0.52 -GPS  JP-4  spray. 

JP-4  density  at  68°F  .6.34  lbs/gallon 

0.52  gpm  x  6.34  lbs/gallon 

_  •  0.056  lb/sec  fuel  flow 

60  sec/min 

Hence,  if  all  the  test  section  airflow  were  used  burning  the  JP-4,  the  air  to 
fuel  ratios  at  1-,  3-  and  6-lbs/second  would  have  been  17.9,  53.6  and  107. 

There  was  no  instrumentation  employed  to  monitor  products  of  combustion  and  the 
airflow  through  the  simulator  was  entirely  too  complicated  to  conclude,  even 
approximately,  how  much  of  the  air  was  actually  employed  in  combustion.  For 
JP-4,  a  stoichiometric  air-fuel  ratio  would  be  about  15tl.  The  construction  of 
the  F-16  NUcelle  Simulator  is  such  that  about  half  of  the  airflow  might  be 


expected  to  flow  through  tho  "glove  took"  region  end  not  be  employed  to  burn  the 
fuel.  Bence,  the  region  shown  on  Figure  12  where  the  be se line  fires  could  not 
he  extinguished)  between  ventiletion  flowrates  of  2  and  3.5  lbs/second  is 
probably  that  where  the  air-fuel  ratio  was  closest  to  stoichiometric,  provided 
the  hottest  fires,  and  was  nost  likely  to  lead  to  the  hot  surface  ignition 
phenonenon  noted  above. 

The  test  apparatus  was  configured  to  define  agent  requirements  rather  than  to 
explore  ignition  nechanisns.  A  hot  surface  ignition  test  program  was  planned 
for  the  AEHFTS  and  is  underway  at  the  tine  of  this  report's  preparation.  While 
it  was  concluded,  after  viewing  video  tape  records  of  some  of  the  test  fires, 
that  reignition  of  some  of  the  test  fires  was  due  to  hot  surfaces  in  the 
slnulator,  the  liaited  view  of  the  aft  portion  of  the  simulator  during  fire 
tests  prevented  determination  of  just  which  component  was  hot  enough  to  cause 
the  reignition. 

At  the  start  of  the  test  progran,  a  test  was  conducted  where  a  0.52  gpa  JP-4 
fire  at  A- lbs /second  airflow  was  allowed  to  burn  for  about  40  seconds  and 
thermocouple  data  was  acquired  about  once  every  10  seconds  for  the  air 
temperature  thernocouples  along  the  centerline  of  the  ABUTS  (Pig.  27).  As 
noted  in  Table  2  and  Figure  3,  the  air  temperature  thermocouples,  T  AHt-1  through 
TAIR-6  are  uniformly  spaced  through  the  AIMFTS  test  section.  As  the  P-16 
simulator  was  placed  in  the  test  section,  TAIt-1  was  upstream  of  the  test  fires, 
and  TAIR-4,  T  AIR-5  and  TAIR-6  were  aft  of  the  slnulator.  TAIR-2  and  TAIR-3  were 
located  between  the  flaneholder  and  the  aft  end  of  the  simulator. 

Tenperature  data  were  also  acquired  during  this  test  for  the  6  thernocouples 
located  along  the  simulated  aircraft  rib  structure  at  the  aft  end  of  the  P-16 
nacelle  sinmlator  (Pig.  28).  While  the  naxinun  temperatures  measured  were  less 
than  1900°?,  the  inconel  sheathed  leads  for  the  thernocouples  on  the  rib 
structure  were  burned  off  within  the  next  several  months,  however,  indicating 
that  there  were  probably  local  tenperatures  in  excess  of  2200°P. 

Hence  it  not  surprising  that  the  test  results  were  complicated  occasionally  by 
hot  surface  reignition  of  the  fuel  following  initial  extinguishment  of  the 
fires.  Since  there  was  insufficient  instrumentation  to  understand  the  specific 
location,  tenperatures,  materials,  and  the  nature  of  the  fuel  delivery  on  the 
hot  surface  (spray,  stream,  drip,  etc.),  analysis  of  these  phenomenon  will  be 
left  to  the  hot  surface  ignition  test  progran  where  these  issues  were  addressed. 
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Of  greatest  concern,  hovovor,  van  tbo  fact  that  the  testa  revealed  that  there 
was  such  lass  conservatisa  in  HIL-E-22285  than  had  bean  concluded  earlier. 
Unlike  other  parts  of  the  P-16  siaulator,  when  bathed  la  the  test  fires  the 
theraocouple  vires  vere  evidently  heated  to  higher  teaperatures  than  during  the 
earlier  vork.  Since  vires  and  tubes  cannot  be  totally  eliainated  froa  potential 
fire  sones,  a  aeans  of  extinguishing  such  fires  aore  rapidly  is  needed. 

5.2  Altitude  and  Xaa  Conditions 

Analysis  indicates  that  engine  coapartaent  fires  occurring  during  high  altitude 
flight  conditions  would  be  less  severe  than  those  experienced  at  sea  level.  lov 
air  density  would  lead  to  fuel  rich  fires  for  all  but  very  lov  fuel  flows  and 
the  lov  air  teaperatures  vould  further  reduce  the  extent  of  the  threet.  This 
seeaed  to  be  deaonstrated  in  the  AIMPTS  because  the  testing  did  not  identify 
additional  situations  vhere  M1L-E-22285  was  inadequate.  Caution  la  advised  in 
applying  this  finding  to  aircraft  design,  however,  because  the  altitude 
siaulations  vere  Halted  to  lov  alrflov  conditions  (the  aaxiaua  ejector  systea 
capability  of  the  AIN). 

The  raa  air  flov  conditions  of  lov  altitude  supersonic  flight  could  provide  the 
opposite  of  the  above.  If  high  ventilation  air  inlet  recoveries  vere 
experienced  during  lov  altitude,  high  Mach  nuaber  flight  conditions,  the  aost 
severe  engine  coapartaent  fires  night  be  expected  because  of  high  teaperatures 
and  high  air  density.  AMPTS  testing  corroborated  this.  As  the  test  section 
air  teaperature  and  pressure  vere  increased  the  aaount  of  agent  required 
increased  and  aany  of  these  test  fires  could  not  be  extinguished  with  the 
aaxiaua  available  agent  charges.  Bence  high  absolute  pressures  (l.e.,  above 
14. 7  pain)  should  be  avoided  in  aircraft  engine  coapartaenta,  if  possible. 

5.3  Coabet  Deaege  Siaulation  Tests 

Analysis  of  alrflov  and  pressure  recovery  associated  with  a  daaaged  engine 
coapartaent  skin  panel  (included  in  Ref.  1)  revealed  that  pressure  recovery  of 
air  coaing  through  a  daaaged  skin  panel  vould  be  lover  than  that  of  the  air 
entering  through  the  inlet  scoop.  Bence,  vhile  coabet  daaage  caused  inflov 
could  increase  the  air  velocity  in  the  coapartaent,  any  resulting  fires  vould 
not  necessarily  be  aore  difficult  to  extinguish. 
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Additional  airflow  simulating  inflow  caused  by  skin  panel  daeage  did  not  result 
in  greater  difficulty  in  extinguishing  the  test  fires.  These  fires  were  harder 
to  ignite,  often  requiring  that  the  inflow  not  be  initiated  until  the  test  fire 
had  been  ignited.  This  was  probably  due  to  the  inflow  discharge  point  being 
within  inches  of  the  fuel-nozzle  f lane -holder  assembly. 

Outflow  through  daaaged  skin  panels  was  not  included  in  this  progran  because  it 
would  not  lead  to  greater  air  density  or  elevated  ventilation  air  temperatures. 
AENFTS  testing  during  1983  and  1984  (kef.  1)  indicated  similar  results  to  those 
without  the  outflow.  Outflow  could  Increase  fire  damage  threats,  however,  in 
situations  where  such  damage  allowed  the  agent  to  escape  from  the  engine 
compartment  without  getting  to  the  fire  location. 

When  the  temperature  of  the  simulated  combat  damage  inflow  was  elevated  to 
represent  fan  case  perforation  or  bleed  duct  leakage  (Table  3)  some  of  the  test 
fires  again  became  more  difficult  to  extinguish.  This  was  particularly 
noticeable  with  low  ventilation  airflow  fires  where  the  fires  were  probably 
initially  fuel  rich  and  became  hotter  as  the  inflow  caused  then  to  become 
leaner.  This  often  led  to  hot  surface  reignition  following  agent  discharge. 

During  some  of  the  higher  airflow  tests  the  addition  of  the  simulated  Inflow 
extinguished  the  fires  without  agent.  The  higher  airflow  fires  probably  were 
already  quite  lean  without  the  airflow  and  became  too  lean  to  burn  once  the 
inflow  was  added. 

5. A  High  Temperature  Ventilation  Air  Tests 

Host  often,  when  the  maximum  sized  agent  charges  were  Inadequate,  the  fire 
appeared  to  be  knocked  down  by  the  agent  for  a  fraction  of  a  second  but 
reignited  after  the  agent  had  dissipated.  These  extinguishment  failures  seemed 
always  to  be  caused  by  hot  surface  reignition  though  the  hot  target  was  not 
actually  observed. 

Testing  with  elevated  ventilation  air  temperature  would  be  expected  to  cause  the 
target  to  get  hotter  before  and  during  the  fires.  The  test  results  seemed  to 
indicate  that.  When  the  preburn  period  was  limited  to  12-seconds,  the  fires  at 
1-  and  6-lbs/second  airflow  were  no  harder  to  extinguish  than  the  baseline, 
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although  tha  test  fire  at  4-lbs/second  required  aoeevhat  aore  agent.  A*  noted 
in  paragraph  5.1,  the  hottest  fires  seeaed  to  exist  at  air-fuel  ratios  close  to 
stoichioaetric,  although  there  vas  insufficient  inatrueantation  to  deteraine 
this  with  certainty.  Probably,  the  4-lbs/second  fires  produced  hotter  surfaces 
in  the  siaulator  hence  requiring  soaevhat  aore  agent  for  their  extinguishaent . 
When  the  preburn  period  vas  increased  to  20-seconds  the  test  fire  at  1-lb/second 
required  aore  than  10  tines  as  such  agent  for  extinguishaent}  the  test  fires  at 
greater  airflovs  could  not  be  extinguished. 

5.5  Agent  Distribution  Dynaaics  Tests 

5.5.1  Union  1202  Concentration  Data  Anoaalies 

The  Halon  concentration  data  froa  this  test  prograa  agreed  quite  veil  vlth  data 
obtained  by  General  Dynaaics  for  the  P-111  airplane  (Haf.  4).  Furthermore,  the 
joint  FAA/Boelng  P-111  tests  at  Atlantic  City  indicated  very  close  agreeaent 
betveen  the  agent  concentration  data  acquired  vith  Boeing's  (Beckaan)  Baloniser 
equipaent  and  that  acquired  vith  FAA’s  traditional  Stathaa  equipaant  (Appendices 
B  and  C).  Bovever,  analysis  of  lalon  1202  concentration  data  yielded  anoaalous 
results,  such  as: 

o  for  siailar  sise  agent  charges,  substantially  higher  concentrations 
vere  produced  vith  Halon  1202  than  vith  Halon  1301  (coopering  Figures 
18  and  19)  ' 

o  a  siaplified  theoretical  analysis  (Included  as  Appendix  B)  of  quantity 
of  agent  required  to  produce  indicated  agent  concentrations  shovn  in 
the  upper  left-hand  plots  on  Figures  18  and  19  indicates  that  the 
quantity  of  Halon  1301  calculated  vas  consistent  vith  that  eaployed 
but  the  quantity  of  Balon  1202  calculated  vas  about  2.5  tines  greater 
than  actually  eaployed 

Because  of  these  observations,  ve  concluded  that  the  problea  vas  probably  due  to 
Halon  1202's  lov  vapor  pressure  and  that  droplets  vere  being  trapped  in  the 
ample  tubes,  in  those  cases  vhere  fairly  high  concentrations  vere  experienced. 
Therefore,  the  Balonisers  indicated  agent  vas  present  long  after  it  ms  no 
longer  present  in  the  ventilation  airflov.  Also,  presence  of  fluid  droplets  in 
the  saaple  lines  probably  resulted  in  concentration  aeasureaents  such  higher 
than  actual  concentration  in  the  airflov.  Since  there  vas  excellent  agreeaent 
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bttvNn  th«  Boeing  Beckman  and  FAA  Stathan  data,  it  seen*  likely  that  thia 
problea  ia  not  liaitad  to  this  tost  but  had  occurred  vhonovor  fairly  high 
concentrations  of  Salon  1202  had  been  aeasured. 

Because  Salon  1202  is  not  currently  eaployed  coaaonly  there  is  probably 
insufficient  deaand  for  concentration  instruaentation  to  resolve  this  difficulty 
and  develop  a  technique  which  is  not  sensitive  to  this  problea.  For  the  saae 
reasons,  there  is  probably  no  need  to  atteapt  to  repeat  these  tests  or  develop  a 
aeans  of  correcting  the  data. 

Caution  is  advised,  however,  that  Salon  1202  probably  does  not  produce 


Lover  agent  concentrations  were  aeasured  when  Salon  1202  was  discharged  into 
airflow  refrigerated  to  -20°P  than  into  66°P  air  (Figure  29).  Vhile  this 
teaperature  was  the  alniaua  available  with  the  ASNFTS  glycol  coolers,  engine 
coapartaent  ventilation  air  teaperature  could  be  auch  lover  (~80°F  for  a  Mach 
0.8  cruise  in  a  cold  ataosphere  at  60,000  feet,  for  exaaple).  Refrigerating  the 
airflow  did  not  have  as  great  an  effect  on  Salon  1301  concentrations  as  on  Salon 
1202  concentrations. 

This  difference  probably  is  largely  due  to  the  high  boiling  point  of  Salon  1202 
(73°F  at  ataospheric  pressure  coapared  to  -72°F  for  Salon  1301).  Sven  at  rooa 
teaperature,  Salon  1202  tends  to  reaain  a  liquid,  if  spilled,  while  Salon  1301 
iaaediately  vaporises.  Bence  auch  of  the  Salon  1202  probably  vas  blown 
dovnstreaa  as  liquid  with  diainished  effect  on  the  aeasured  agent 
concentrations. 

5*5.3  Duap  Line  Restriction  Tests 

Previous  agent  concentration  tests  run  in  the  ASNFTS  indicated  that  the  existing 
agent  release  and  distribution  systea  did  not  aeet  the  requireaent  in  NIL-B- 
22285  that  a  6-percent  concentration  of  agent  be  present  in  all  parts  of  the 
engine  coapartaent  for  0.5-second.  The  agent  flow  restriction  tests  reported  in 
Paragraph  A. 5. 2  were  run  to  exaaine  the  iaportance  of  that  part  of  the 

specif ication.  Figure  18  indicates  that,  vith  0.36-pound  charges,  6-percent 
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Halon  concentrations  were  obtained  in  the  fire  zone  (probe  4)  only  at  1-lb/sec 
airflow  and  that  the  duration  of  these  varied  froa  0.3-second  with  no 
restriction  in  the  duap  line  to  alaost  the  O.S-second  required  by  MIL-E-22285 
with  the  0.298-inch  orifice  in  the  duap  line.  Conversely,  the  aaxiaua 
concentration  aeasured  at  this  location  varied  froa  about  11-percent  with  no 
restriction  to  9-percent  with  the  0.298  orifice.  Vhen  the  1.28-pound  and 
2.47-pound  agent  charges  vere  used,  6-percent  charges  were  aeasured  at  all 
airflovs.  The  2.47-pound  charge  provided  the  required  O.S-second  durations  at 

4-  and  6.8-lbs/sec  except  with  the  0.298- inch  orifice  at  6.85-lbs/sec. 

During  the  corresponding  fire  tests,  including  those  where  the  fire  appeared  to 
be  extinguished  but  reignition  occurred,  no  advantage  vas  found  in  the  use  of 
the  restrictions.  Since  it  also  seeas  likely  that  the  agent  cooled  the  hot 
surfaces  in  the  siaulator  as  well  as  extinguishing  the  fires,  the  conclusions 
froa  the  1983  and  1984  AENFTS  testing  (Ref.  1)  that  the  O.S-second  duration 
requireaent  is  less  iaportant  than  the  actual  anount  of  agent  duaped  into  the 
fire  are  confiraed. 

S.6  Airflow  Reduction  Tests 

In  the  cases  where  the  test  fires  had  not  been  extinguished  with  the  largest 
available  agent  charges,  a  hot  coaponent  within  the  F-16  nacelle  siaulator 
probably  caused  reignition  after  the  agent  had  been  released.  It  had  been 
theorized  that  terainating  the  airflow  prior  to  agent  release  would  aaintain  a 
high  agent  concentration  in  the  test  section  for  a  significantly  longer  tiae  and 
allow  aore  tiae  for  hot  surfaces  to  cool  below  ignition  teaperatures.  The  tests 
conditions  chosen  were  particularly  severe;  with  a  20-second  preburn  period  and 
3.5-lbs/sec  airflow,  the  aaxiaua  agent  charges  had  not  been  able  to  extinguish 
the  test  fires  during  the  baseline  tests  due  to  reignition.  With  the  airflow 
heated  to  400°F,  the  hot  surface  or  surfaces  which  were  causing  reignition  would 
be  even  hotter  than  during  the  baseline  tests. 

As  noted  in  Section  4.6,  terainating  the  airflow  prior  to  agent  release  greatly 
reduced  the  severity  of  these  fires  but  they  continued  to  reignite.  The 
reignition  delay  was  also  increased.  Hot  surface  reignition  probably  again  vas 
the  cause.  Vith  the  reduced  airflow,  the  continued  fuel  injection  during  the 

5- seconds  following  agent  release  probably  helped  cool  the  hot  targets  vhile 


providing  too  such  fuel  for  reignition  to  occur  vith  the  minimal  air  available. 
Once  the  fuel  injection  was  terminated  the  fuel  air  ratio  vas  evidently  reduced, 
and  there  evidently  remained  soae  surfaces  vhich  vere  still  hot  enough  to  ignite 
the  mixture. 

When  these  fires  did  reignite  they  vere  not  visible  on  the  TV  monitor  and  vere 
no  more  than  a  "flicker,"  about  the  size  of  a  candle  flame.  Vhile  there  clearly 
vas  an  adequate  agent  concentration  in  most  of  the  test  section  to  prevent  these 
fires  from  becoming  larger,  there  evidently  vas  insufficient  concentration  in 
some  of  the  stagnation  regions  at  the  bottom  of  the  simulator  to  totally 
extinguish  the  fires. 

5.7  Test  Article  Contamination 

The  P-16  nacelle  simulator  vas  not  removed  from  the  AENFTS  test  section  during 
the  entire  period  that  agent  evaluation  tests  vere  being  conducted.  When  it  vas 
removed,  prior  to  the  beginning  of  the  follov-on  hot  surface  ignition  tests,  it 
vas  found  to  be  coated  vith  soot.  In  addition,  the  simulated  aircraft  ribs  vere 
distorted  from  the  hundreds  of  fire  tests  that  had  been  performed.  The 
structural  deformation  probably  had  little  effect  on  airflov  vlthin  the 
simulator.  Vhile  the  soot  accumulations  increased  steadily  during  the  test 
period,  and  could  have  influence  the  hot  surface  reignition  phenomenon  vhich 
vere  encountered,  the  amount  of  agent  required  to  extinguish  the  fires  remained 
consistent.  These  deposits  vere  similar  to,  if  more  extreme,  than  the  deposits 
normally  found  in  the  engine  compartment  of  an  aircraft  vhich  had  been  in 
service  for  a  number  of  years.  Ve  concluded  that  this  vas  consistent  vith  our 
attempt  to  model  "vorst  case"  situations  in  aircraft  engine  compartments. 


57 


6.0  CONCLUSIONS  AND  RECOMMENDATIONS 


6.1  Conclusions 

While  the  use  of  a  "high  realism"  test  article  led  to  some  test  anomalies  and 
complicated  the  interpretation  of  the  test  results,  much  information  was 
obtained  that  vould  be  unavailable  from  analysis  or  from  a  more  carefully 
controlled  but  less  realistic  laboratory  experiment.  The  AENFTS  with  the  P-16 
nacelle  simulator  was  again  found  to  be  effective  experimental  tools. 

Compared  to  the  AENFTS  tests  run  during  1983  and  1984,  the  most  important  and 
disturbing  conclusion  is  that  MIL-E-22285  does  not  specify  large  enough  agent 
quantities  to  provide  adequate  protection  when  components  vithin  the  engine 
compartment  are  bathed  in  flame  and  become  hot  enough  to  reignite  flammables 
after  the  agent  charge  has  been  dissipated. 

Increasing  the  size  of  the  agent  charge  alone  does  not  seem  to  be  the  answer, 
however.  As  shown  in  Figure  12  an  order  of  magnitude  increase  in  the  agent 
quantity  was  not  sufficient  to  prevent  reignition.  Instead,  the  test  results 
suggest: 

1.  A  reduction  in  the  length  of  time  that  the  fire  is  allowed  to  burn 
prior  to  agent  release  is  the  best  method  of  eliminating  the  chance  of 
hot  surface  reignition.  The  20-second  preburn  period  was  employed  in 
these  tests  because  it  is  common  practice  for  a  pilot  to  distrust  his 
fire  detection  equipment  and  await  independent  confirmation  that  he 
has  a  fire  before  shutting  the  engine  down  and  releasing  the  agent. 
As  shown  in  Figure  14,  reducing  the  preburn  period  to  15-seconds 
greatly  improved  the  situation  and  reducing  it  further  to  12-seconds 
eliminated  the  problem  in  those  tests  that  did  not  employ  combat 
damage  simulation. 

2.  Termination  of  ventilation  airflow  in  the  event  of  a  fire  would  be 

very  beneficial.  The  required  technology  is  currently  available 

because  this  provision  is  required  for  other  ventilated  aircraft 

compartments.  MIL-F-87168  currently  exempts  engine  compartments  from 

this  requirement  because  agent  concentration  testing  is  employed  to 

demonstrate  the  effectiveness  of  the  agent  quantity  and  distribution 

system.  AENFTS  test  results  indicate  that  ventilation  termination 

would  be  advantageous  in  engine  compartments  also. 
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The  AENFTS  has  definite  advantages  vhen  compared  to  agent  deaonstration  testing 
in  an  actual  aircraft.  These  include: 

o  Minimum  manpovei  required  to  conduct  tests 

o  A  multi-million  dollar  flight-test  aircraft  is  not  required 

o  Fuel  costs  are  minimal 

o  Ventilation  airflov  temperature  and  pressure  can  be  simulated  without 
flight 

o  Complex  instrumentation  can  be  provided  which  is  accessible  and 
inexpensive  compared  to  flight  test  equipment 

o  Agent  effectiveness  can  be  assessed  with  representative  fires.  Actual 
aircraft  tests  could  not  simulate  worst-case  fires  without  risk  of 
aircraft  loss 

There  are  limitations  in  the  AENFTS  simulator: 

o  Without  a  180°  annulus,  the  exact  airflow  pattern  within  the  angina 
compartment  of  an  aircraft  cannot  be  simulated  in  the  AENFTS. 

o  At  present,  the  AENFTS  ejector  system  provides  very  limited  altitude 
simulation. 

6 . 2  Recommendations 

6.2.1.  Engine  Compartment  Design  Considerations 

Since  we  found  that  preburn  duration  has  a  strong  effect  on  the  difficulty  of 
extinguishing  test  fires  in  the  AENFTS  tests,  we  have  a  need  for  rapid  detection 
of  engine  compartment  fires  and  for  rapid  deployment  of  extinguishing  agents. 
Faster  reacting  and  more  reliable  fire  detection  systems  and  the  use  of 
automatic  agent  release  systems  should  be  considered  as  a  means  of  getting  the 
agent  to  a  fire  sooner. 
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The  high  engine  coapartaent  pressures  which  could  result  fro*  recovery  of  ri 
air  pressure  at  high  Mach  nuabers  should  be  avoided,  as  they  also  contribute  i 
the  severity  of  aany  of  the  fires  which  eight  be  encountered  in  an  engii 
coapar taent .  This  could  be  accoaplished  by  eaploying  low  recovery  ventilatii 
air  inlets  and  ainiaising  the  resultant  aircraft  drag  by  ainlalsing  tl 
ventilation  flowrates. 

The  use  of  Halon  1202  should  be  avoided  because  of  its  poor  vapor izatii 
characteristics.  Where  its  use  is  required  because  of  Halon  1301’s  high* 
critical  pressure,  its  distribution  vithin  the  coapartaent  should  I 
deaonstrated  in  all  anticipated  aissions,  particularly  those  where  it  will  I 
refrigerated  in  its  storage  tank  during  high  altitude  flight  and/or  it  will  I 
discharged  into  low  teaperature  airflow. 

A  ventilation  airflow  shutoff  systea  should  be  considered  as  an  additional  aeaj 
of  engine  coapartaent  fire  protection.  Such  a  systea  would  be  operated  prior 
agent  release. 

6*2*2*  Changes  in  Engine  Coapartaent  Plre  Protection  Specifications 

A  draft  revision  to  that  portion  of  MIL-F-87168  which  deals  with  engi 
coapartaent  fire  extinguishing  was  prepared  and  is  included  as  Appendix  D 
this  report.  Changes  iapleaented  by  this  revision  include! 

1.  Actual  agent  release  tests  with  high  realise  will  be  required  at  a 
planned  flight  conditions.  If  these  are  not  flight  tests,  they  should 
tests  where  the  coapartaent  ventilation  flow  rate  and  teaperature  and  age 
storage  teaperatures  are  realistically  siaulated. 

2.  Use  of  Halon  1202  is  discouraged  except  in  cases  where  Halon  1301  is  not 
acceptable  alternative.  Potential  probleas  with  Halon  1202  are  discussed 
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3.  Survivability/vulnerability  (coabat  conditions)  considerations  have  boon 
Included  In  the  overall  approach  to  engine  coapartaent  fire  protection. 
These  include t 

o  A  requi resent  for  a  scans  of  shutting  off  the  engine  cospar t sent 
ventilation  airflow  prior  to  agent  release  has  been  included  as  part 
of  the  engine  con part sent  fire  protection  systes. 

o  A  recoamendation  that  additional  agent  be  Included  to  provide 
protection  vhen  coabat  daaage  caused  perforation  of  coapartsent  outer 
vails,  fan  case  or  bleed  air  lines  introduces  additional  airflow  into 
the  engine  coapartaent. 

o  A  recoaaendation  that  rapid  detection,  fuel  shutoff  and  extinguishant 
deployaent  be  included  in  the  engine  coapartsent  fire  protection 
systea  design  to  ainiaise  the  probability  that  hot  surfaces  can 
reignite  coabustible  fluids  following  agent  release. 

o  A  recoaaendation  that  elevated  engine  coapartaent  ventilation  air 
pressures  be  avoided. 
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urm  A  -  AHflFTS  DATA  IDDCtlOH  IQUATIOK 

The  following  three  sections  provide  the  equations  which  worn  used  to  calculate 
airflows  and  velocities  for  the  0-  and  24-inch  venturi  neters,  the  high  pressure 
air  supply  systea  and  for  the  sonic  nos s las  used  to  neasure  sinulated  bleed 
airflow*  ejector  flow  and  high  pressure  flow. 

1.0  Calculation  of  8-Inch  Venturi  Hass  Flow  and  Velocity: 

Per  the  Reference  3,  Coapressed  Gas  Handbook*  the  nass  flow  through  a  venturi 
neter  in  lbs/sec.  is  equal  to: 


/  O-  *  g  *  rho  *  DP)  / 

V  .  Cd  *  A2  / _  /r2/k(k)(l-r<k“1)k)(l-beta4) 

/  / 

\/  1  -  beta4  \/ 

(k-l)(l-r)[l-(r2^k)(beta4)l 

Where  the  first  radical  tern  is  the  incoapressible  flow  equation  and  the  second 
radical  tern  is  the  coapressibility  correction*  and: 

V  -  nass  flow  in  lbs/sec 

Cj  -  discharge  coefficient 

g  •  gravitational  constant 

rho  ■  upstreaa  density 

DP  -  differential  pressure  across  venturi 

beta  »  ratio  of  throat  diaaeter  to  upstreaa  pipe  dianeter*  D2/D1 
k  -  specific  heat  ratio 

r  ■  ratio  of  upstreaa  to  downs treaa  pressure*  P2/P1 
For  air  (k  *  1.4)  this  siapllfies  to: 


/  rho  *  DP  / 

W  *  0.525  C<j  *  D22  / _  *  /rl. 429(3. 5)(i_r0.2857)(i_beta4) 

/  / 

\/  1  -  beta4  \/ 

(l-r)[(l-(r2,42^*  beta4)! 
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BmcIi  tubs titu ting  ABN  paroeteri 


PI  «  PPUN 


(venturi  upstraaa  static  pressure  in  psie) 


DP  .  DPVN40  *0.03606 


or 


(venturi  differential  pressure  froe  high 
range  transducer  vhen  differential  pressure 
greater  then  4  inches  of  voter) 


DP  -  DPVN-4  *0.03606  (venturi  differential  pressure  froe  low 

range  transducer  vhen  differential  pressure 
less  than  4  inches  of  voter) 


PI  *  144 

MO  -  _  (Where  TBL-08  is  8  Inch 

Venturi  Teaperature) 

(53.35)  *  (TBL-08  ♦  460) 

PI  -  DP 

R  «  _  or,  if  I  <  0.6,  or  1  >  1.0,  substitute  K  -  1.0 

PI 

For  the  8-lnch  venturi,  C4  -  0.985,  D2  -  4.1768,  beta  -  0.4968 


K  -0.525  *  0.985  *  (4.1768)2  *  \/"57T-  16.877842 
The  test  section  nass  flov  in  lbs/second  becoaess 


/  M0  *  DP  *  (  r1*429)  *  (  1  .  gO.2857) 
VBL-08  -  K  *  / _ 

/ 

\/  (  1  -  R  )  *  )  1  -  (  I1-429)  *  0.0609153) 

The  dean  test  section  velocity  in  ft/second  becoaes: 

(0.152  *  VBL-08)  *  (TNACIN  ♦  460) 

VNAC-8  .  _ _ 


PNC0UT 

Where  TNACIN  is  the  test  section  inlet  teaperature  in  degrees  P  and  FNC0UT  is  the 
in  test  section  pressure  in  psia. 


2.0  Calculation  of  24-Inch  Venturi  Hass  Flov  and  Velocityt 


Using  ths  saaa  aquation  as  for  the  8-inch  venturi,  but  vitht 
Cd  -  0.9895,  D2  -  10.158,  beta  -  0.4277 


K  .  0.525  *  0.98975  *  (10.158)2*  \/375  .  100.307926 

PI  •  PBL0UT  (venturi  upstreaa  static  pressure  in  psia) 

DP  •  DPVZNT  *0.03606  (venturi  differential  pressure) 

If  DP  <  0,  DP  -  0 
PI  *  144 

MOl  -  _  (Where  TBL-24  is  24-Inch 

Venturi  Tenperature) 

(53.35)  *  (TBL-24  4  460) 

PI  -  DP 

R  »  _  or,  if  R  <  0.6,  or  R  >  1.0,  substitute  R  ■  1.0 

PI 

K  .  100.307926 

The  test  section  nass  flov  in  lbs/second  beconest 


/  RHOl  *  DP  *  (  r1**29)  *  (  i  .  *0.2857) 

VBL-24  .  K  *  / 

/ 

\/  (  1  -  R  )  *  l  1  -  (  R1’429)  *  0.03346241 

The  clean  test  section  velocity  in  ft/second  beconest 

(0.152  *  VBL-24)  *  (TNACIN  ♦  460) 

VNAC24  .  _  _ _ 


PNCOUT 

where  TNACIN  is  the  test  section  inlet  tenperature  in  degrees  P.  and  PNCOUT  is 
the  test  section  tenperature  in  psia. 


3.0  CALCULATION  OF  AIRFLOW  FOR  SONIC  NOZZLES 


The  Manufacturer  of  the  sonic  nozzles  installed  in  the  AEN,  Flow  Measureaent 
System,  Inc.,  provides  the  following  equation  for  calculation  of  sonic  nozzle 
airflowt 

Po  *  A  *  C*  *  Cd 

V  - 


Where:  W 

Po 
C* 
A 

Cd 

T 


/ 

\/  T  ♦  460 

«  Airflow  in  lbs/second 

-  Nozzle  inlet  stagnation  pressure 

a  Critical  flow  function  for  air 

a  Nozzle  throat  area  in  square  inches 

a  Nozzle  discharge  coefficient 

a  Nozzle  inlet  tcaperature,  degrees  Rankins 


They  further  state  that  the  ratio  of  nozzle  stagnation  to  Measured  static 
pressure  is  a  function  of  the  approach  Mach  nuaber  and  hence  of  the  ratio  of 
nozzle  throat  to  pipe  diaaeter.  Thus  it  is  a  constant  for  each  nossle.  They  also 
provide  disasters,  areas,  and  stagnation  to  static  pressure  ratios  for  the 
nozzles: 


Nossle  No. 

Location 

disaster 

(inches) 

Area 

(in*) 

- K7F 

1 

Hi  flow/Hi  pressure 

0.9264 

0.6740 

1.0019 

2 

Lo  flow/Hl  pressure 

0.3712 

0.1062 

1.0003 

3 

Ejector 

0.8075 

0.5121 

1.0011 

A 

Bleed  air  heater 

0.2964 

0.0690 

1.0001 

C*  is  obtained  froa  NASA  TM  D-2565  and  is  relatively  constant  within  the  range  of 
teaperatures  and  pressures  anticipated.  It  is  equal  to  0.5351  at  520°F  and  200 
psia. 


Cd  is  calculated  based  on  Reynolds  nuaber  and  is  obtained  usings 
%  .  (4  *  V)/(  3.14159  *  d  *  nu) 
and 

3.3058 


Cd  -  0.99738  -  _ 

/ 

\/  NR 

In  the  range  of  Reynolds  nunbers  anticipated!  C a  varies  only  fron  0.993  to 
0.996,  however,  so  a  constant  0.995  is  eaployed  in  all  these  calculations. 

Hence: 

1.0019  (0.6740)  (0.5351)  (0.995)  (  PHI FLO  )  0.359S(PHIPL0  ) 


WH1FL0  . 

/  / 

\/  THIFL0  ♦  460  \/  THIFLO  4  460 

1.0003  (0.1082)  (0.5351)  (0.995)  (  PLOFLO  )  0.0576(PL0FL0) 


WLOFLO  . 

/  / 

\/  TLOFLO  4  460  \/  TLOFLO  4  460 

Since  no  teaperature  is  aeasured  at  the  ejector  and  the  ejector  airflow  is  not 
eaployed  in  subsequent  data  reduction,  being  only  an  indicator  in  setting  test 
section  pressure,  a  constant  teaperature  of  60°F.  is  assuaed. 

1. 0011(0. 5121)(0.5351)(0.995)(FBJFL0) 

VBJFLO  .  _  .  0. 001197 (PBJ FLO) 


/ 

\/  60  4  460 


1. 0001(0. 0690) (0.5351)(0. 995) (PBHNOI)  0.03674(PBHN0I) 

m 

VBLHTR  . 

/  / 

\/  TBHNOI  4  460  \/  TBHNOI  4  460 
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APPEND!!  S  -  F-lll  TESTS  AT  FAA/TC  SITE  HALO*  1202 


AIK  FORCE  PARTICIPATION  IN 
THE  F-lll  HALON  1202  AGENT 
DISTRIBUTION  TEST  AT  THE 
FAA'S  TECHNICAL  CENTER, 
ATLANTIC  CITY,  N.J. 


Boeing  Advanced  Systeas  Coapeny 

P.  0.  Box  3707 

Seattle,  Washington,  98124 


Septeaber  1986 


An  inforaal  suaaary  of  test  activities 
perforaed  during  July  of  1986  at  the 
Federal  Aviation  Adainistration's 
Technical  Center  at  Atlantic  City  as 
part  of  Contract  F33615-84-C-2431 


TABUS  or  CONTENTS 


Section  Page 

SECTION  I 

OBJECTIVE . B-5 

TEST  SETUP . B-5 

CALIBRATION . B-10 

TRANSPORT  TIME . B-10 

PROCEDURE . B-12 

CORRELATION  OF  BOEING  AND  FAA/TC  DATA . B-13 

TEST  RESULTS . B-17 

SECTION  II 

RALONIZER  RESPONSE  TIMB  STUDY . B-21 

SECTION  III 

PLOTS  OF  BOEING  AND  FAA  TEST  RESULTS . B-37 


LIST  OP  ILLUSTRATIOBS 


Figure  Page 


B-l  IDG  Oil  Cooler  Installation  in  F-lll  Engine 

Coapartaent . B-6 

B-2  Boeing  Balon  Concentration  Instruaentation 

Installed  on  F-lll  Airplane  at  FAA/TC . B-7 

B-3  Boeing  Test  Trailer  Adjacent  to  F-lll  Test 

Article . B-8 

B-4  FAA/TC 's  F-lll  Test  Article  Shoving  Engine 
Coapartaent  Ventilation  Air  Duct  froa 

Reaotely  Located  TF-33  Engine . B-8 

B-5  Installation  of  Boeing  and  FAA  Saaple  Lines . B-9 

B-6  Effect  of  Saaple  Tube  Length  on  Halonizer  Transit 

Tiae . B-ll 

B-7  Tiae  Correlation  of  Boeing  and  FAA  Data . B-14 

B-8  Tiae  Correlation  of  Boeing  and  FAA  Data . B-15 

B-9  Tiae  Correlation  of  Boeing  and  FAA  Data . B-16 

B-10  Saaple  Probe  Locations  for  FOC  and  F  Series  Tests.. B-19 

B-ll  Saaple  Probe  Locations  for  OC  Series  Tests . B-20 

B-12  F-lll  Nacelle  Fire  Extinguishing  Test  Results . B-22 

B-13  AEN  Ground  Operation  Siaulation . B-22 

B-14  AEN  Cruise  Siaulation . B-22 

B-15  Response  Tiaes  vith  100Z  Balon  1202  and  1301 . B-25 

B-16  Balon  Pulse  Siaulator  vith  Three-Way  Solenoid . B-26 

B-17  Definition  of  Teras . B-27 

B-18  Effect  of  Saear  on  Balon  Concentration  Data; 

1/2-Second  Pulses . B-29 

B-19  Effect  of  Saear  on  Balon  Concentration  Data; 

2-Second  Pulses . B-30 

B-20  Response  Tiae  for  0.070-inch  ID  Tubing  vithout 

Beckaan  Juaper . B-32 

B-21  Saear  vith  0.092-  and  0.070-Inch  ID  Tubing . B-33 

B-22  Transit  Tiae  and  Saear  for  Various  Lengths  of 

0.070-Inch  ID  Tubing . B-34 

B-23  Test  |1  (F0C-1),  Ground  Operation  vith  Ejector . B-38 

B-24  Test  #2  (F0C-2),  82Z  Cruise . B-39 

B-25  Test  #3  (F0C-4),  90*  Takeoff . B-40 

B-26  Test  «4  (F0C-5),  781  Bolding . B-41 

B-27  Test  *5  (F0C-6),  S/L  Dash,  Zone  1  A/B . B-42 

B-28  Test  #6  (FOC-7),  0.6  Mach  8  30R,  80Z  Cruise . B-43 

B-29  Test  *7  (F0C-8),  7.5  lbs/sec,  TF-30  8  Idle . B-44 

B-30  Test  18  (F0C-9),  Static  Agent  Duap . B-45 

B-31  Test  #9  (0C-1),  Ground  Operation  vith  Ejector . B-46 

B-32  Test  iio  (OC-2),  90*  Takeoff . B-47 

B-33  Test  #11  (OC-3),  S/L  Dash,  Zone  1  A/B . B-48 

B-34  Test  #12  (F-l),  Ground  Operation  vith  Ejector. .... .B-49 

B-35  Test  #13  (F-2),  78X  Bolding . B-50 

B-36  Test  #14  (F-3),  S/L  Dash,  Zone  1  A/B . B-51 


LIST  OF  TABLES 


■ 


1 


SECTION  I  -  SUMMARY  TEST  REPORT: 

EF-111A  AGENT  DISTRIBUTION  TEST  AT  THE 
FEDERAL  AVIATION  ADMINISTRATION  TECHNICAL  CENTER  (FAA/TC) 

OBJECTIVE 

The  objective  of  the  subject  test  program  was  to  provide  a  single 
pass/fail  test  of  existing  baseline  F-lll  Halon  1202  engine 
compartment  fire  extinguishing  system  at  simulated  flight  conditions 
after  modifying  the  FAA's  F-lll  test  article  to  approximate  internal 
aerodynamics  of  EF-111A  aircraft. 

TEST  SETUP 

To  this  end,  12  channels  of  halon  concentration  instrumentation  were 
installed  with  sample  tubes  located  in  the  same  locations  used  for 
the  original  F-lll  engine  fire  extinguishing  system  demonstration 
tests  in  1969.  Because  the  FAA/TC' s  Statham  equipment  is  no  longer 
maintainable,  they  recorded  data  for  only  six  of  these  channels  and 
the  WPAFB/Boeing  Beckman  equipment  was  used  for  the  other  six.  The 
firing  of  the  agent  release  squib  was  recorded  on  the  oscillograph 
charts  for  both  sets  of  data  to  provide  time  correlation.  The 
FAA/TC  equipment  was  also  used  to  monitor  one  of  the  WPAFB/Boeing 
channels  to  further  facilitate  time  correlation  of  the  two  sets  of 
data. 

The  F-lll  engine  compartment  aerodynamics  were  modified  by  the 
installation  of  the  Integrated  Drive  Generator  (IDG)  oil  cooler 
(Figure  B-l).  The  flapper  doors  at  the  entrance  to  the  engine 
compartment  had  been  removed  as  they  have  been  in  all  operational  F- 

iil'S. 

Boeing  provided  six  channels  of  Beckman  Halonizer  equipment.  This 
equipment,  while  intended  for  use  with  medical  halothane,  has  been 
successfully  employed  for  several  years  at  VPAFB  to  determine  Halon 
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Figure  B-l.  IDG  Oil  Cooler  Installation  in 
F-lll  Engine  Compartment 


1202  and  1301  concentrations.  Each  channel  is  a  stand-alone  unit 
consisting  of  a  detector  head  containing  the  sample  cell,  chopper 
and  IR  detector  and  a  rack  mounted  unit  housing  a  vacuum  pump,  flow 
controller,  signal  conditioning  and  a  digital  display  of  the 
measured  concentration.  Analog  output  from  all  six  channels  was 
recorded  using  a  Honeywell  Visicorder.  This  equipment  is  shown  in 
Figure  B-2. 

The  halonizer  equipment  and  an  IBH  PC  based  data  reduction  system 
were  housed  in  a  16-foot  air  conditioned  trailer.  The  data  system 
included  a  graphics  tablet  and  mouse  to  allow  the  oscillograph 
charts  to  be  manually  digitized,  a  dot  matrix  printer,  and  a  Hewlett 
Packard  plotter.  The  trailer  was  located  adjacent  to  the  F-lll  test 
article,  just  forward  of  the  engine  compressor  face  (Figures  B-3  and 
8-4) . 
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Figure  B-2.  Boeing  Halon  Concentration  Instrumentation  Installed 
on  F-lll  Engine  Compartment 


rigure  B-4 .  FAA/TC's  F-lll  Test  Article  Showing  Engine 

Compartment  Ventilation  Air  Duct  from  Remotely 
Located  TF-33  Engine 
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Boeing  provided  0.070-inch  ID  saaple  tubes,  40-feet  long.  Most  were 
entirely  1/8  inch  nylon  but  the  four  to  be  installed  in  the  aft 
portion  of  the  engine  compartment  were  0.070-inch  ID  stainless  steel 
for  the  4-foot  portion  to  be  installed  inside  the  airplane.  FAA/TC 
installed  the  sample  lines  parallel  with  their  own  sample  lines 
(Figure  B-5)  in  the  engine  compartment  so  that  they  terminated  where 
the  Boeing  trailer  was  to  be  located. 

The  FAA/TC  was  responsible  for  overall  plan  and  conduct  of  test 
program,  for  installation  of  all  agent  sample  tubes,  and  for  the 
acquisition  and  reduction  of  data  from  all  but  those  six  channels  of 
agent  concentration  being  acquired  and  reduced  by  Boeing.  They  were 
also  solely  responsible  for  final  documentation  of  the  test  program. 
Boeing  agreed  to  prepare  final  plots  of  all  halon  concentration 
data,  including  data  from  the  six  channels  measured  by  the  FAA,  once 
they  had  been  provided  with  complete  tabular  data. 


Figure  B-5.  Installation  of  Boeing  and  FAA  Sample  Lines 
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CALIBRATION 

Boeing  provided  Halon  1202  calibration  Mixtures  to  allow  daily 
adjustment  of  its  instrumentation  and  to  allow  correlation  of  Boeing 
and  FAA/TC  data.  These  consisted  of  two  9-gallon  containers  of  a 
calibration  mixture  vhich  had  been  nixed  to  a  volumetric 
concentration  of  approximately  6-percent  Halon  1202  using  the  mass 
spectrometer  in  I-Bay  at  VPAFB  and  a  cylinder  of  certified 
6.02-percent  Halon  1202  mixture  purchased  from  the  Matheson  Company 
in  Dayton. 

The  Boeing  instrumentation  was  adjusted  each  day  using  the 
calibration  mixtures  during  the  subject  testing  and  was  checked  with 
the  certified  mixture  three  tines  during  the  period.  On  22  July 
1986,  all  channels  of  the  FAA/TC  Statham  equipment  were  exposed  to 
the  calibration  mixture  with  one  channel  being  checked  against  the 
certified  mixture.  Preliminary  FAA/TC  data  indicated  the  Statham 
readings  varied  only  from  6.02-  to  6.29-percent. 

TRANSPORT  TIME 

During  June  1986,  preliminary  tests  were  run  at  VPAFB  to  define  the 
response  time  for  the  Beckman  equipment  as  it  would  be  installed  at 
the  FAA/TC.  From  these  tests,  0.070-inch  ID  tubing  was  selected  for 
the  Boeing  sample  lines.  Figure  B-6  shows  the  effect  of  sample  line 
length  on  the  transit  time  for  this  tubing,  the  transit  time  being 
the  delay  measured  from  the  time  the  sample  tube  was  initially 
exposed  to  a  known  halon  concentration  until  the  Halonlzers 
indicated  95-percent  of  the  knovn  value.  For  the  40-foot  sample 
tubes  used  at  the  FAA/TC  the  transit  time  was  expected  to  be  3.5 
seconds.  These  preliminary  tests  are  informally  documented  in 
Section  II  of  this  Appendix. 

The  solenoid  operated  halon  step  function  generating  rig  used  during 
the  VPAFB  tests,  as  described  in  Section  II  of  this  Appendix,  was 
transported  to  Atlantic  City  and  used  to  check  transport  time  of  the 
Boeing  equipment  as  it  was  set  up  for  this  test.  The  transport  time 
of  the  system,  as  installed,  was  3.2  seconds. 
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Figure  B-6.  Effect  of  saaple  Tube  Length  on  Haloniser 
Transit  Tine 


PROCEDURE 


The  test  procedure  eaployed  was  consistent  throughout  the  test 
prograa  and  consisted  of  the  following  steps: 

1.  The  Stathaa  equipaent  was  waraed  up  to  operating  teaperature 
using  a  28-volt  dc  power  cart. 

2.  The  TF-33  engine  (which  provided  the  ventilation  airflow  to 
the  F-lll  engine  coapartaent)  was  started  and  run  up  to  the 
desired  operating  condition.  The  gate  valve  controlling  the 
ventilation  airflow  was  adjusted  as  required  and  the  engine 
was  allowed  to  stabilise  for  several  ainutes.  On  the  ground 
operation  tests  this  step  was  oaitted. 

3.  The  TF-30  engine  in  the  F-lll  was  started,  run  up  to  its 
desired  operating  condition  and  allowed  to  stabilize  for  a 
ainute  or  two. 

4.  The  Stathaa  operator  checked  that  the  Boeing  crew  was  ready 
and  initiated  a  10-second  countdown.  At  this  tine  final 
adjustaents  of  zero  and  dither  vere  aade  on  the  Beckaan 
equipaent.  At  a  count  of  seven  the  operator  and  the  Boeing 
crev  started  their  oscillographs.  At  the  count  of  two  the 
engine  operator  chopped  the  TF-30  throttle.  At  the  count  of 
zero  the  squib  was  fired  releasing  the  agent.  Once  both 
crevs  indicated  that  data  acquisition  was  over,  the  engine 
operator  adjusted  both  engines  to  appropriate  cool  off 
settings  and  ran  thea  briefly  before  shutdown. 

5.  The  agent  bottle  was  changed,  deficiencies  noted  during  the 
previous  run  were  corrected  and  the  cycle  was  repeated. 
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CORRELATION  VITH  PAA/TC  DATA 

Time  correlation  of  the  tvo  data  sets  vas  to  be  based  on  the  squib 
firing  event  aarker  on  Boeing  and  PAA  oscillograph  charts  and  on 
examination  of  agent  distribution  data  for  aircraft  channel  1,  which 
had  been  acquired  on  data  both  systems. 

While  both  sets  of  data  were  digitized  so  the  elapsed  tiae  started 
with  the  firing  of  the  agent  release  squib,  differences  in  the 
pneumatic  tubing  and  vacuum  pumps  caused  the  Boeing  data  to 
consistently  lag  behind  the  PAA  data  by  0.75  second.  Hence  the 
Boeing  elapsed  tiae  data  vas  adjusted  by  this  amount  prior  to 

plotting.  The  tine  correlation  data  for  channel  1  is  shown  in 

Figures  B-7,  B-8  and  B-9.  These  figures  show  acceptable  agreement 
between  the  tvo  data  systems,  differences  being  due  to: 

1.  The  PAA  data  vas  digitized  once  every  half  second  vhile 
as  many  as  20  points  per  second  vere  digitized  near 
points  of  inflection  with  the  Boeing  data. 

2.  Calibration  equations  for  both  types  of  sensors  were 

optimized  for  the  6-percent  concentration  presumed  to  be 
required.  At  significantly  higher  concentrations 

differences  are  anticipated. 

Channel  1  correlation  plots  are  not  presented  for  Tests  5,  10,  11  or 
14  because  the  channel  1  halon  concentrations  vere  negligible 

during  these  high  airflow  test  conditions. 

Combined  plots  for  all  twelve  agent  concentration  sampling 

locations  for  the  14  tests  which  vere  performed  are  included  as 
Section  III  of  this  Appendix. 


B-13 


TEST  #1  (FOC-1)  GRD.  OPS  W/EJ  TEST  #2  (FOC-2).  82%  CRUISE 


Figure  1-7.  Tine  Correlation  of  Boeing  and  FAX  Data 


TEST  #6  (FOC-7)  .6  M  «30k,  80%  CRUISE  TEST  #7  (F0C-8).7.5  LBS/SEC.TF-30  ©IDLE 


Figure  B-«.  Tine  Correlation  of  Bo«in9  and  FAA  Data 


BOEING  TEST  RESULTS 


As  noted  previously,  Boeing  agreed  to  plot  the  PAA  portion  of  the 
test  data  along  with  its  own  on  a  single  set  of  plots  once  the  PAA 
had  coapleted  digitizing  their  data  and  had  transmitted  it  to  VPAFB. 
A  total  of  14  agent  release  tests  were  run  at  a  variety  of  flight 
conditions.  Table  B-l  is  a  summary  of  the  Boeing  run  log  and 
identifies  the  test  number,  the  flight  condition  and  the  presence  or 
absence  of  the  IDG  oil  cooler.  Plots  of  the  Boeing  and  PAA  test 
results  are  included  in  Section  III  of  this  Appendix. 

The  locations  of  the  halon  concentration  probes,  vithin  the  P-111 
engine  compartment,  are  specified  in  Figures  B-10  and  B-ll.  The 
”FOC"  and  ttF”  configurations  (as  identified  in  Table  B-l)  used  the 
probe  positions  shown  in  Figure  B-10  while  "0C"  test  conditions 
employed  the  probe  positions  shown  in  Figure  B-ll. 
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Figure  8-10*  Saipl*  Probe  Locations  for  POC  and  P  Series  Tests 
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SBCTION  II  -  RESPONSE  TIME  INVESTIGATION  FOR  BECKMAN  HALONIZERS 


Prior  vork  in  the  AEN  using  the  Beckman  Halonizers  has  employed 
pneumatic  sample  lines  consisting  of  a  36-inch  length  of  0.085-inch 
ID  CRES  tubing  coupled  to  the  30-inch-long  0.045-inch  ID  plastic 
tube  (Beckman  jumper)  vhich  attaches  to  the  halonizer  pickup  head. 
Total  response  time  vith  this  arrangement  vas  about  0.3  seconds* 
acceptable  for  normal  halon  pulses  vhich  ranged  from  about  0.5  to  2 
seconds  in  duration. 

The  Beckman  Halonizers  will  be  used  in  July  to  assist  the  FAA/TC 
vith  the  EF-111A  testing  at  Atlantic  City.  Tvo  potential  problems 
vith  halonizer  response  time  in  that  installation  have  been 
identified: 

1.  The  FAA/TC  test  setup  currently  employs  16-foot-long 
1/4-inch  (0.194-inch  ID)  copper  tubing  for  sample  lines* 
having  a  much  larger  volume  to  pull  through  the  Beckman 
vacuum  pumps  than  vith  the  normal  AEN  installation. 

Initial  calculations  suggested  transport  time  around  12 
seconds.  The  degree  to  vhich  the  input  data  vould  be 
distorted  is  unknovn. 

2.  Earlier  testing  in  the  AEN  suggested  that  the  high  airflov 
test  points  vould  produce  very  short  halon  pulses  at  the 
sample  tubes,  some  less  that  half  a  second.  Significant 
"smearing"  due  to  response  time  problems  might  preclude 
accurate  measurement  of  these. 

BACKGROUND  TESTS 

General  Dynamics  (GD)  testing  of  the  F-lll  vith  Statham  analyzers  in 
February  of  1969,  vas  limited  to  static  conditions  vhere  the  nacelle 
airflov  vas  due  entirely  to  the  pumping  of  the  nacelle  ejectors. 
Figure  B-12  shovs  the  results  of  those  tests  as  presented  in 
JTCG/AS-74-T-002 . 


Figure  B-14.  AEN  Cruise  Siaulation 


Tests  were  run  in  the  AEN  to  see  if  the  GD  halon  concentration  test 
results  were  duplicated  at  similar  airflovs  and  to  examine  what  type 
of  halon  pulses  might  be  experienced  at  higher  airflovs  in  the 
forthcoming  EF-111A  testing.  The  AEN  F-16  Nacelle  Simulator,  a  1/3 
annulus  representing  the  nacelle  flow  areas  and  engine  components  of 
the  F-16  engine  compartment  vas  used.  An  F-lll  halon  tank  was 
filled  vith  4  lbs  of  Halon  1202,  about  1/3  of  the  carried  for  the  F- 
111  nacelle  fire  protection  system  and  back  charged  vith  nitrogen  to 
600  psig.  Halon  1202  concentration  data  were  acquired  at  airflovs 
of  0.87  and  7  lbs/second,  representing  1/3  of  F-lll  airflov  at 
ground  idle  and  cruise  conditions,  respectively.  Halon  probes  vere 
left  in  the  normal  AEN  locations,  not  matched  to  the  F-lll  locations 
used  in  the  GD  tests. 

The  data  obtained  are  shovn  in  Figures  B-13  and  B-14.  The  ground 
idle  conditions  (Figure  B-13)  roughly  match  the  GD  data  in  pulse 
strength  and  duration  although  the  AEN  data  is  truncated  above 
30-percent  because  the  halonizers  saturated.  This  saturation  is  not 
a  problem  as  the  halon  specification,  HIL-E-22285  is  based  on 
demonstrating  that  a  concentration  of  6-percent  exists  at  all 
locations  simultaneously  for  1/2  second.  The  higher  airflov  case 
(Figure  B-14)  suggests  that  much  shorter  pulses  vill  be  measured  for 
these  tests.  Hence  it  is  unlikely  that  the  F-lll  system  vould  have 
satisfied  the  specification  requirements  at  cruise  conditions.  In 
addition,  these  data  suggest  that  the  halonizers'  response  time 
might  be  marginal  for  these  tests  and  that  it  should  be  carefully 
examined. 

APPROACH 

Hence  preliminary  halonizer  time  response  tests  vere  run  vith  a 
variety  of  tubing  systems  to  describe  the  Beckman  equipment's 
response  time  characteristic  vith  tubing  suitable  for  use  at 
Atlantic  City. 


Because  of  Halon  1202 's  lov  vapor  pressure  it  is  not  possible  to 
contain  large  quantities  at  useful  "calibrated"  concentrations.  A 
portion  vould  liquefy  and  the  concentrations  would  change.  Hence 
the  response  time  characteristics  for  measurement  of  100-percent 
concentrations  of  Halon  1202  and  1301  were  initially  compared. 

Figure  B-1S  illustrates  that  the  response  time  was  the  same  for 
100-percent  concentrations  of  Halon  1202  and  Halon  1301  except  that 
the  halonizers  saturated  at  different  levels.  Thereafter,  for 
convenience,  all  response  time  testing  was  performed  vith  a 
6.9-percent  calibration  mixture  of  Halon  1301  (6.9-percent  Halon 
1301  by  volume,  the  remainder  being  nitrogen). 

An  input  pulse  was  provided  as  a  step  function  by  passing  the  end  of 
the  sample  tube  from  a  jet  of  compressed  air  to  a  jet  of  6.9-percent 
Halon  1301  and  then  back  to  the  air  jet.  The  tube  location  was 
changed  rapidly  with  a  solenoid  so  that  transport  time  from  one  jet 
to  the  other  was  negligible.  The  test  fixture  is  shown  in  Figure  B- 
16.  In  some  tests,  an  electronic  timer  was  employed  to  return  the 
tube  to  the  air  jet  exactly  one-half  or  two  seconds  later.  The  tube 
used  for  the  data  shown  was  48  feet  long.  Its  other  end  was  plugged 
directly  into  the  halonizer  pickup  head.  Digital  halon 
concentration  data  were  acquired  for  this  single  halonizer  channel 
for  10  or  20  seconds  following  the  start  of  the  pulse. 

DEFINITION  OP  TERMS 

Figure  B-17  illustrates  the  components  of  pneumatic  response  time. 
Initially  the  halonizer  shows  no  halon  concentration  while  its 
vacuum  pump  is  pulling  the  first  of  the  halon  through  the  length  of 
the  sample  tube.  This  period  is  defined  as  "transport  time."  As 
the  halonizer  begins  to  respond  it  rises  slowly,  then  rapidly  and 
then  slows  again  as  it  approaches  its  final  value.  "Smear"  is 
defined  as  the  time  required  for  the  output  to  rise  from  5-percent 
to  95-percent  of  the  input  value.  Hence  the  initial  5-percent  of 
the  rise  is  actually  included  in  the  transport  time. 
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Figure  B-16  .  Halon  Furs*  Simulator  with  Three-Way  Solenoid 

B-26 


6.9%  CAUB  MIXTURE  OF  HALON  1301 


Figure  B-17.  Definition  of  Terms 


Smear  is  most  important  for  the  anticipated  EF-111A  testing. 
Transport  time  can  be  readily  corrected  as  long  as  it  is  the  same 
for  all  channels.  Smear  can  cause  significant  problems  in  data 
quality. 

ILLUSTRATION  OF  PROBLEM 

Figure  B-18  illustrates  the  extreme  case  of  the  difficulties  vhich 
would  be  encountered  if  the  wrong  tubing  system  were  selected  for 
use  with  the  Beckman  equipment  at  Atlantic  City  in  July.  Different 
tubing  systems  were  coupled  to  the  0.045- inch  ID  Beckman  jumper, 
included  15  feet  of  0.194-inch  ID  copper  as  will  be  used  with  the 
Stathams  at  Atlantic  City,  16  feet  of  0.029-inch  ID  CRES  tubing  and 
16  and  32  feet  of  0.092-inch  ID  CRES  tubing.  The  response  times 
recorded  with  these  are  contrasted  to  the  response  time  with  the 
Beckman  jumper  with  a  minimum  1  1/2-inch  length  of  0.18-inch  ID  CRES 
tubing  fastened  to  the  solenoid.  The  1/2-second  pulses  of 
6.9-percent  Halon  1301  climb  to  less  than  4-percent  with  both  the 
0.029-inch  ID  CRES  and  0.194-inch  ID  copper  tubing  before  the  curves 
starts  to  diminish.  The  curves  for  the  two  lengths  of  0.092-inch  ID 
CRES  tubing  do  not  show  a  half  second  of  vidth  above  4-percent 
concentration. 

Because  a  half  second  pulse  probably  could  not  meet  the  simultaneity 
criteria  of  the  specification,  a  better  guide  for  selecting  the 
tubing  vould  be  the  2-second  duration  pulses  shown  in  Figure  B-19. 

In  this  case,  using  the  original  30-inch  Beckman  0.045-inch  ID  line 
with  the  short  connection  to  the  solenoid,  the  observed  pulse  nearly 
duplicates  the  original  6.9-percent  square  wave.  The  two  different 
lengths  of  0.092-inch  ID  CRES  tubing  also  duplicate  the  original 
pulse  adequately,  having  about  1.7-second  width  at  the  6-percent 
level  for  the  32-foot  length  and  about  1.8-second  vidth  at  the 
6-percent  level  vith  the  16-foot  length.  Both  the  0.029-inch  ID 
CRES  tubing  and  the  0.194-inch  ID  copper  tubing  shov  lover  peaks  and 
significantly  reduced  duration  at  the  6-percent  level,  hovever. 
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Figure  B-18.  Effect  of  Sneer  on  Halon  Concentration 


6.9%  CAL1B  MIXTURE  OF  HALON  1301 


Figure  B-ig .  effect  of  Smear  on  Halon  Concentration  Data; 
2  sec  pulses 


Figure  B-19  also  illustrates  that  the  diameter  of  the  tubing  effects 
both  the  transport  time  and  the  smear  effect  but  that,  for  the 
0.092-inch  ID  tubing,  the  length  changes  seem  to  effect  transport 
time  more  than  the  smear. 

At  this  point  in  the  testing,  a  short  length  of  0.070-inch  ID 
plastic  line  which  could  be  attached  directly  to  the  Beckman  pickup 
head  without  the  0.045-inch  ID  jumper  was  tried.  It  was  noted  that 
the  Beckman  rotameter  setting  rose  to  full  scale  indicating  much 
less  friction  than  with  the  other  systems,  all  of  which  employed 
that  0.045  jumper. 

Hence,  16- ,  32-  and  48-foot  lengths  of  the  0.070-inch  ID  tubing  were 
tried  with  the  1/2-  and  2-second  pulses  of  the  6.9-percent 
calibration  mixture  without  the  0.045-inch  ID  restriction  of  the 
Beckman  jumper.  The  results  of  these  tests  are  shown  in  Figure  B- 
20.  Again  the  transport  time  increased  as  the  tubing  length  was 
increased  but  the  smear  was  relatively  constant.  The  smear  for  the 
0.070  and  0.092  tubing  is  compared  in  Figure  B-21  with  the  time 
scale  amplified.  Vhile  we  found  that  elimination  of  the  0.045-inch 
ID  Beckman  jumper  alloved  the  rotameter  settings  to  be  increased 
with  the  16-  and  32-foot  lengths  of  0.070  inch  ID  tubing,  this 
affected  the  transport  time  more  than  the  smear. 

The  Beckman  instruments  could  be  installed  at  the  end  of  16-foot 
sample  lines  for  the  F-lll  testing  but  this  would  compromise  the 
installation  in  two  ways:  (1)  The  Beckman  pickup  heads  would  be 
adjacent  to  the  F-lll  engine  and  would  probably  be  exposed  to 
excessive  vibration,  particularly  if  used  with  the  four  sample  tubes 
at  the  aft  end  of  the  nacelle.  They  have  produced  erratic  signals 
unless  protected  from  the  vibration  of  the  AEN.  (2)  Adjustments  to 
the  pickup  head's  optical  balance  would  be  easier  with  the  pickup 
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Figure  B-20.  Response  Time  for  0D7O-inch  ID  Tubing  without  Beckman  Jumper 
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Figure  B-21.  Smear  with  0092 -  and  0070-Inch  ID  Tubing 
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Figure  B-  22.  Transit  Time  and  Smear  for  Various  Lengths  of  0D70- Inch  ID  Tubing 


heads  near  the  console  units  in  the  instrumentation  trailer.  The 
use  of  40-foot  saaple  tubes  would  allow  the  saaple  cells  to  be 
located  in  the  trailer  and  the  tubes  could  still  reach  all  planned 
agent  saapling  locations  including  those  at  the  aft  end  of  the 
nacelle. 

Figure  B-22  shows  transport  tine  and  snear  for  the  several  lengths 
of  0.070-inch  ZD  tubing  tested  and  suggests  that  transport  tine  for 
the  40-foot,  0.070-inch  ID  sample  tubes  will  probably  be  about  3.3 
seconds  and  smear,  about  0.5  second.  Vhile  pulses  shorter  than  1/2 
second  may  occur  during  the  higher  airflow  test  conditions  at  some 
of  the  sampling  locations  within  the  F-lll  test  article,  it  is 
unlikely  that  these  would  satisfy  Mil-E-22285  even  without  the 
distortion  caused  by  smear.  Vith  pulses  long  enough  to  satisfy  the 
specification  requirement,  the  effect  of  the  smear  will  be  small. 
Table  B-2  lists  all  the  tests  that  were  conducted  during  this 
investigation. 

The  solenoid  operated  calibration  device  used  for  these  tests  will 
be  taken  to  Atlantic  City  in  July  so  that  similar  instrument 
response  time  data  can  be  acquired  for  the  FAA's  Statham  equipment. 
Transport  time  for  the  Beckman  and  Statham  equipment  will  be  defined 
for  the  6.9-percent  Halon  1301  pulses  and  for  the  specific  sample 
tube  configuration  assembled  for  each  device.  These  transport  times 
will  be  used  to  correct  data  from  both  devices  so  that  simultaneity 
of  all  halon  concentration  data  can  be  assured. 


Table  B-2.  Halonizer  Time  Response  Testing  in  Preparation  for 
FAA/TC  EF-lllA  Agent  Distribution  Tests 
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SECTION  III  -  BOEING  AND  FAA  AGENT  CONCENTRATION  MEASUREMENT  PLOTS 

EF-111A  AGENT  DISTRIBUTION  TESTING 

FAA/TC  AIR  BUST  TEST  FACILITY/ATLANTIC  CITY,  N.J 

e 

Figure 

Description 

Page 

■m 

B-23 

Test  #1  (FOC-1),  Ground  Operation  With  Ejector 

B-38 

B-24 

Test  *2  (FOC-2),  82%  Cruise 

B-39 
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B-25 

Test  *3  (FOC-4),  901  Take  Off 

B-40 
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B-26 

Test  *4  (FOC-5) ,  78%  Holding 

B-41 
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B-27 

Test  #5  (FOC-6) ,  S/L  Dash,  Zone  1  A/B 

B-42 

B-28 

Test  *6  (FOC-7) ,  0.6  Mach  @  30K,  80%  Cruise 

B-43 

B-29 

Test  #7  (FOC-8),  7.5  lbs/sec,  TF-30  8  Idle 

B-44 

B-30 

Test  #8  (FOC-9) ,  Static  Agent  Dump 

B-43 
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Test  #9  (OC-1),  Ground  Operation  Vith  Ejector 
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Test  *10  (OC-2),  90*  Take  Off 
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Test  *11  (OC-3) ,  S/L  Dash,  Zone  1  A/B 
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Test  *12  (P-1),  Ground  Operation  Vith  Ejector 

B-49 

B-35 

Test  *13  (P-2),  78%  Holding 
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Test  *14  (P-3),  S/L  Dash,  Zone  1  A/B 

B-31 
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Figure  B-30.  Test  18  (FOC-9),  Static  Agent  Dump 
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SECTION  I  -  SUMMARY  TEST  REPOST: 

P-111  AGENT  DISTRIBUTION  TEST  AT  THE 
FEDERAL  AVIATION  ADMINISTRATION  TECHNICAL  CENTER  (FAA/TC) 

BACKGROUND 

In  July  of  1986,  a  test  of  the  existing  F-lll  Halon  1202  engine 
compartment  fire  extinguishing  systea  was  conducted  at  the  FAA's 
Technical  Center  using  their  F-lll  test  article  with  an  operable 
TF-30  engine  in  its  right  side  engine  bay,  and  with  ventilating 
air  supplied  by  a  reaotely  located  TF-33  engine.  TF-30  engine 
operation  and  ventilation  airflow  simulated  various  flight 
conditions. 

While  this  test  was  originally  intended  to  investigate  the  effect 
of  the  installation  of  the  EF-lllA's  Integrated  Drive  Generator 
(IDG)  on  agent  distribution,  we  found  that  the  engine  compartment 
agent  distribution  system  did  not  meet  Mil-E-22285  at  any  flight 
condition,  with  or  without  the  IDG  installed.  We  found  that  the 
system  did  comply  with  the  specification  at  ground  operation  with 
ventilation  airflow  limited  to  what  the  TF-30  engine's  ejectors 
could  supply,  which  was  the  one  operating  condition  that  had  been 
tested  at  General  Dynamics  during  1969. 

OBJECTIVE 

The  objective  of  this  test  program  was  to  investigate  whether  the 
substitution  of  Halon  1301  in  place  of  Halon  1202  in  the  F-lll's 
engine  compartment  agent  bottle  would  provide  compliance  with  the 
specification;  and  further,  if  the  substitution  did  not  solve  the 
problem,  whether  increasing  the  sise  of  the  bottle  and  the  agent 
quantity  would  be  required  to  meet  the  agent  concentration 
specification. 


TEST  SETUP 


Because  the  FAA/TC's  Statham  equipment  is  no  longer  maintainable, 
the  VPAFB/Boeing  Beckman  Halonizer  equipment  was  used  for  all 
agent  concentration  measurements.  This  equipment  (Figure  C-l), 
while  intended  for  use  with  medical  halo  thane,  has  been 
successfully  employed  for  several  years  at  VPAFB  to  determine 
Halon  1202  and  1301  concentrations.  Each  channel  is  a  stand¬ 
alone  unit  consisting  of  a  detector  head  containing  the  sample 
cell,  chopper  and  IR  detector,  rack  mounted  unit  housing  a 
vacuum,  flow  controller,  signal  conditioning,  and  a  digital 
display  of  the  measured  concentration.  Analog  output  from  all 
six  channels  vas  recorded  using  a  Honeywell  Visicorder. 

The  halonizer  equipment  and  an  IBH  PC  based  data  reduction  system 
were  housed  in  a  truck  adjacent  to  the  F-lll,  just  forward  of  the 
engine  compressor  face  (Figures  C-2  and  C-3).  The  data  system 
included  a  graphics  tablet  and  mouse  to  allow  the  oscillograph 
charts  to  be  manually  digitized,  a  dot  matrix  printer,  and  a 
Hewlett  Packard  plotter. 

Boeing  provided  0.070-inch  ID  sample  tubes,  about  44  feet  long. 
Most  were  entirely  1/8-inch  nylon  but  the  four  to  be  installed  in 
the  aft  portion  of  the  engine  compartment  were  0.070-inch  ID 
stainless  steel  for  the  4-foot  portion  to  be  installed  inside  the 
airplane.  The  1/4-inch  copper  sample  lines  used  with  the  FAA's 
Statham  equipment  during  July  remained  installed  and  were 
employed  to  locate  replacement  nylon  tubes  when  several  were 
damaged  by  heat  from  the  failed  TF-30  engine.  The  locations  of 
these  sample  tubes,  within  the  F-lll  engine  compartment  are  shown 
in  Figure  C-4. 


Figure  C-l.  Boeing  Halon  Concentration  instrumentation  installed 
in  Boeing  Equipment  Truck _ 


Figure  C-2.  Boeing  Test  Equipment  Truck  Adjacent 


Figure  C-3.  FAA/TC's  F-lll  Test  Article  Showing  Engine 

Compartment  Ventilation  Air  Duct  From  Remotely 
Located  TF-33  Engine  and  Boeing  Equipment  Truck 


The  FAA/TC  was  responsible  for  overall  plan  and  conduct  of  the 
test  program,  for  installation  of  all  agent  sample  tubes,  and  for 
the  acquisition  and  reduction  of  all  data  other  than  agent 
concentration  data.  They  were  also  solely  responsible  for  final 
documentation  of  the  test  program.  Boeing  agreed  to  prepare 
final  plots  and  tabular  data  for  all  halon  concentration 
measurements. 

CALIBRATION 

Boeing  provided  a  6-percent  Halon  1301  calibration  mixture  to 
allow  daily  adjustment  of  its  instrumentation.  This  had  been 
prepared  at  VPAFB  and  compared  with  a  6-percent  certified  mixture 
obtained  from  the  N.  C.  White  Company  of  Carney's  Point,  New 
Jersey. 

TEST  CONDITIONS 

While  it  had  been  planned  that  the  TF-30  engine  within  the 
aircraft  would  be  operated,  as  it  had  been  during  the  July  test, 
it  failed  during  the  first  test  run  and  was  diagnosed  as  being 
unrepairable  during  the  time  available.  Hence,  it  was  decided  to 
continue  the  test  with  the  engine  compartment  ventilation  airflow 
supplied  by  the  TF-33  engine  alone.  We  felt  this  simplification 
was  justified  because  the  TF-30' s  effect  on  the  airflow  within 
the  engine  compartment  at  flight  conditions  is  limited  to  the 
effect  of  temperature  changes  within  the  compartment  and  to 
reducing  the  back  pressure  at  the  compartment's  exit. 

Agent  distribution  tests  were  run  with  6.1,  10  and  30  lb/sec  TF- 
33  airflow,  simulating  82-percent  cruise,  78-percent  holding  and 
sea  level  dash,  respectively.  The  ground  operation  test 
condition  which  relies  entirely  on  the  TF-30' s  ejectors  for 
compartment  ventilation  could  not  be  run. 

Available  agent  bottles  included  the  380-in-*  bottle  normally 
fitted  within  the  F-lll's  agent  storage  compartment  (Figure  C-S) 
and  Halon  1301  bottles  of  630-  and  1050-in*  capacity  obtained 
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Figure  C-5.  Installation  of  380-in  F-lll  Agent 
Bottle  in  F-lli  Test  Article 


Figure  C-6.  Installation  of  630-iri*  Hahn  1301 
Bottle  Below  F-lll  Agent  Compartment 


fron  the  Valter  Kidde  Company.  The  larger  bottles  were  too  large 
for  the  coapartaent  and  were  secured  to  the  structure  supporting 
the  test  article  iaaediately  below  the  coapartaent  (Figure  C-6). 
They  were  fired  using  the  same  type  of  pyrotechnic  devices  as  the 
F-lll  bottle.  Employing  a  50-percent  fill  ratio,  these  bottles 
were  used  for  Halon  1301  charges  of  11,  18  and  28.5  pounds.  All 
were  topped  off  vith  nitrogen  to  600  psia  prior  to  the  agent 
release  tests. 

Table  C-l  identifies  TF-33  airflows  and  bottle  sizes  employed  in 
the  seven  test  conditions  where  the  agent  concentration  tests 
were  run. 

PROCEDURE 

In  July,  all  12  sample  tubes  ere  saapled  simultaneously,  vith  the 
Boeing  equipment  measuring  six  and  the  FAA/TC  equipment  measuring 
the  other  six  (and  one  of  the  Boeing  channels  for  correlation 
purposes).  For  this  test  program  each  test  condition  was  run 
once  to  sample  the  six  channels  Boeing  had  measured  in  July  ("A” 
tests)  and  again  to  saaple  the  six  channels  that  the  FAA/TC  had 
measured  in  July  ("B"  tests). 

The  test  procedure  employed  was  consistent  throughout  the  test 
program  and  consisted  of  the  following  steps: 

1.  The  TF-33  engine  (which  provided  the  ventilation  airflow  to 
the  F-lll  engine  compartment)  was  started  and  run  up  to  the 
desired  operating  condition.  The  gate  valve  controlling  the 
ventilation  airflov  was  adjusted  as  required  and  the  engine  was 
allowed  to  stabilize  for  several  minutes. 

2.  The  FAA  test  engineer  checked  that  the  Boeing  crev  was  ready 
and  initiated  a  10-second  countdown.  At  this  time  final 
adjustments  of  zero  and  dither  vere  made  on  the  Beckman 
equipment.  At  a  count  of  seven,  the  Boeing  crev  started  the 


oscillograph  with  vhich  the  agent  concentration  data  were 
acquired.  At  the  count  of  zero  the  squib  was  fired  releasing  the 
agent. 


3.  After  the  agent  concentration  had  fallen  back  to  zero  on  all 
channels,  the  TF-33  was  returned  to  idle  and  the  agent  bottle  was 
changed.  If  there  was  to  be  a  change  between  the  "A"  and  the  "B" 
saaple  tubes,  it  was  Bade  on  a  bulkhead  at  the  rear  of  the  Boeing 
equipaent  truck,  at  this  tiae. 

4.  The  cycle  was  repeated  until  the  supply  of  charged  agent 
bottles  vas  exhausted. 

CORRELATION  OF  DATA 

Because  two  tests  were  conducted  for  each  test  condition,  the 
squib  firing  event  Barker  on  the  oscillograph  charts  vas  eaployed 
to  correlate  the  tvo  data  sets  vhich  were  acquired  at  the  tiae 
that  the  data  vere  digitized. 

TEST  RESULTS 

As  suaaarized  in  Table  C-l,  a  total  of  14  agent  release  tests 
vere  run  at  three  siaulated  flight  conditions,  eaploying  agent 
bottles  of  three  sizes.  Figure  C-7  suaaarizes  the  ainiaua 
concentration  sustained  at  all  saaple  locations  within  the  engine 
coapartaent,  simultaneously  for  1/2  second  for  each  of  the  three 
bottle  sizes  at  the  three  ventilation  airflovs  investigated. 
Figure  C-8  shows  the  saae  inforaation  reforaated  so  that  it  shows 
the  relationship  between  coapartaent  airflov  and  ainiaua 
sustained  concentration.  Coabined  plots  of  agent  concentration 
versus  tiae  for  all  seven  of  the  individual  test  conditions  are 
included  in  Section  II  of  this  Appendix. 
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APPENDIX  B 

ANALYSIS  OP  Hid  INDICATED  HALOM  1202  CONCBRBATIQRSt 


Using  the  following  procedures,  it  is  feasible  to  estimate  total  mass  or  aprnt 
dumped  into  the  AEN  from  agent  concentration  data.  If  the  AEN  test  section  is 
considered  to  be  a  control  volume  through  which  a  certain  volumetric  flow  «•<  ;u» 
and  agent  passes,  the  following  relationship  is  valid  for  the  total  weight  of 
agent: 


For  the  AEN  testing, and  Va  were  held  constant  during  any  particular  test, 
allowing  the  following  simplification: 

\ce  dt 
>0 

Total  weight  of  extinguishing  agent 

Volumetric  concentration  of  extinguishing 
agent 

Density  of  extinguishing  agent  at  the 
pressure  and  temperature  conditions  in  the 
AEN 

Volumetric  flow  rate  of  ventilation  air 

of  this  analysis,  the  following  integral 
approximation  was  utilized  (essentially  the  area  under  the 
concentration  curve): 


*e 


Where:  Ve  » 


f' 


For  the  purposes 


»e 


Ce&t 


B-l 


This  approximation  was  then  used  to  compute  agent  weights  Cor 
specific  tests  using  Balon  1301  and  1202.  The  tests  chosen  were 
from  Figures  16  and  17  (top  left  hand  figures)  in  Section  4.5.2. 
The  average  concentration  from  six  sample  lines  is  shown  in  Figure 
El.  For  the  specific  conditions  used  in  these  two  tests,  the 
following  variable  values  were  used: 


V. 


1  lb/sec  -  13.3  ft3/sec 

075TB57IP 

P  -  0.388  lbs/ft3  (Halon  1301 J 
R  T 

«  0.547  lbs/ft3  {Halon  1202] 


Then,  for  Halon  1301, 


at  66°F 
and 

14.7psia 


*1301 


»(  0  ■  3M  H  13. 3  Hl.0+0.  0*<.Q*  4  +  1  .<-H.i,1.0,.  6*  II  (0,1) 


-  0.27  lbs  of  Halon  1301 


This  compares  favorably  to  0.36  lbs  actually  dumped;  the 
ratio  of  computed  to  actual  weight  is  0.75. 


Then,  for  Halon  1202, 

*120  *•*<?>  U3.ll  U  3*13. 0415  .»»16.  <♦!«♦!  4 .7»13»>.3+6  ■  ■  6»3 . >4 3 ■ <»3 ■ S»1  .S(  10  )  I  ' 


-1.06  lbs  of  Halon  1202 


This  does  not  compare  favorably  to  the  0.4  lbs  actually 
dumped;  the  ratio  of  computed  to  actual  agent  is  2.56. 

These  comparisons  suggest  that  some  measurement  problem 
occurred  with  the  Balon  1202  testing  and  that  the  observed 
high  indicated  1202  concentrations  did  not  actually  exist 
in  the  ASM. 
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